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REHABILITATION OF DISTURBED LANDSIN CALIFORNIA 1

1.0 INTRODUCTION

1.1 Purpose and Scope

The purpose of this manud isto compile and
gynthesize the wedth of information on revegetation,
rehabilitation and restoration that has become
available in the last 20 years. This manua focuses on
moderately to severdly disturbed lands, such as
those commonly associated with mining. These lands
do not rehabilitate naturdly in the short-term be-
cause their topsoil has been dtered, inverted, or lost.
This book should aso provide planners and practi-
tioners of less disturbed areas with aguide for
designing projectsin awide variety of other Stuations
where rehabilitation is needed.

Clearly, amanua such asthis cannot provide a
recipe that would apply to the state of Cdiforniaas
awhole nor can it cover every concelvable difficulty
a planner might encounter. The Sate isSmply too
diverse: Cdlifornia encompasses the highest and
lowest points in the continenta US; it includes 1000
miles of coadtling it hasavariety of dimates, and it
supports awide range of parent materias, including
unique ones such as serpentine, which are infertile or
toxic and which restrict norma plant growth. This
variety engenders greet biologica diveraty, with an
unusudly high number of endemic and rare species.
Therefore, rather than looking to this manuad for
what to do in a specific Situation, planners or practi-
tioners should use this manud to help them think out
what would be the most logical and practica plan on
agiven ste

Approximately 20 years ago, in order to protect
the biologica diversty of Cdifornia, paoliticians,
planners, and practitioners began to place a greater
emphasis on using native plants for revegetation,
rehabilitation, and eroson control. Past methodolo-
giesfor revegetation of mined lands had relied on
placing athin (6 inch) layer of new topsoil on the
gte and then reseeding with erosion control species

that were largely exotic. An investigation of such
projectsin the United Kingdom approximately 20
years after rehabilitation found many of them in poor
condition (Haigh 1992). The stes had avariety of
problems: gullying, soil erosion, soil compaction,
accelerated run-off, and poor vegetation cover.
Many of these problems resulted from the ingbility of
the sites to begin natura soil-forming processes
(Haigh 1992). Soil-forming processes require
nitrogen capita, nutrient exchange capacity, and an
active community of soil organisms (Bradshaw et d.
1982), none of which were provided for in the
reclamation plans for the Stes. The newer approach
of using native pecies obviates many of the conflicts
inherent in using exatics, but it so obligates the
project manager to think carefully about the sail into
which the native species will be placed, the types of
plant materias to be used, the planting plan, and
preparation of the Site.

Some of these congderations for safeguarding
Cdifornia s biodiversty have made their way into
satutes and regulations, such as the California Code
of Regulations, Title 14, Divison 2, Chapter 8,
Subchapter 1, Article 9 (Reclamation Standards),
Section 3705(g). This manua goes severd steps
further by providing not only current research
information, but dso ample examples of actud
projects and advice on devising test plots, planting
plans, and monitoring programs. There are also
many examples of sample pecifications that can be
used as modd's; such specifications help ensure that
everyone working on a project knows what is
expected. This manud is arranged partly chronologi-
cally, according to the order in which portions of the
rehabilitation plan must be conceived of and ex-
ecuted. But it isaso arranged partidly by topic,
because some topics, dthough they may come early
in the process, can't be addressed until the back-
ground for them is thoroughly understood.



1.2 Why Rehabilitate?

While afew stestha have been minimaly
disturbed will recover quickly and adequately by
natura processes without any human intervention,
rehabilitation is necessary in many circumstances for
avaiety of reasons. Naturd reinvason of aSte may
take years, during which the disturbed ste may
erode. Erosion will decrease the capability of the Ste
to support vegetation, continue to degrade the
habitat and its visud quality, and increase dust
pollution (Photo 1.28). Disturbed lands can also
cause sgnificant off-ste impacts such asincreased
sedimentation and air pollution, and they can act asa
noxious weed repository.

Thegod of rehabilitation isto re-establish
some physical processes and biological components
of the indigenous ecosystem, in order to develop a
dtable ecosystem that is capable of performing some

Photo 1.2a: An eroding slope left unreclaimed
continues to erode and degrade adjoining habitat.
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of the ecologicd functions of that origind ecosystem.
Thisisamoderate but practical god. Less ambitious
projects might smply wish to accomplish revegeta-
tion, that is, to establish vegetation on a Ste without
working toward a stable ecosystem that resembles
what was originally there. More ambitious projects
might etempt restoration of the Ste, which entalls
retuning dl or nearly dl the physicad and ecologica
processes and biologica components of the indig-
enous ecosystem to the site. Or a project may
attempt the creation of anew ecosystem on lands
that did not previoudy support that ecosystem.

More specidized projects might am a reclama-
tion, which uses combined processes that minimize
adverse environmenta effects of surface-mining and
that return lands to beneficid end use (Surface
Mining and Reclamation Act of 1975); reforesta-
tion, which involves revegetation with tree speciesin
order to yield desired wood products; enhance-
ment, which aters a site for improvement of a
specific vaue and landscaping, which manipulates
ecosystems for cultura vaues such as aesthetics and
recreational access.

These terms, especidly revegetation, rehabilita-
tion, and restoration, are often used interchangegbly,
causing confusion among regulators and practitio-
ners. Their definitions overlap somewhat, but it is
important to keep the ideas separate, because the
words used to describe a project will help to shape
its god's and outcome, not to mention the expecta-
tions of dl thoseinvolved. In particular, the term
reclamation is used very broadly. For reclamation
projects that are to result in some type of wildland
vegetation, the project goa needs to be further
defined using one of the other “re-"words.

Thismanua will largely speek to rehabilitation of
wildland habitats with native plant species, asthis
goa ismost broadly applicable. Regardless of the
level of rehabilitation being attempted on a Ste, most
projects strive at aminimum to achieve the underly-
ing god of sugtainability by providing vegetative
cover that will perpetuate itsef. This vegetdive
cover should aso protect a site from wind and water
eroson in the following ways.
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* intercepting raindrops, reducing their
velocity and lessening the erosive effect of
ranfal;

* reducing the velocity of surface runoff,
thereby reducing the rate of erosion;

* sustaining plant roots, and their associated
microorganisms, helping to bind soil
together, increasing infiltration and reduc-
ing runoff; and

* promoting deeply rooted plants, thus
providing tensile strength to dopes and
decreasing the incidence of erosion,
dumping, and dopefalure.

Sustainability, the ability to self-perpetuate, is
just one of severa ecosystemn functions (Ewe 1987,
PERL 1990). The remaining ecosystem functions
must be addressed by the practitioner during project
development:

* Invasihbility—the susceptibility or resstance
of the dteto invasons by exotic gpecies
(plants or animals).

* Reslience—the dbility of the Steto recover
following extreme perturbations.

Photo 1.2b: Engineered slope prepared for
restoration. This slope below a development in
Granada Hills, southern California, was prepared for
restoration. Soil, seed, and broken brush were
incorporated into the substrate, and the outer three
feet of the slope were NOT compacted to the 90
percent engineering standard.
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* Productivity—the efficacies of resource
capture and use by the community.

» Transformation of nutrients—the microbial
and chemical processes that control the
concentrations of nutrients and other
compounds, including cycling of nutrients
with no net loss and the flow of energy
smilar to a comparable, undisturbed
community.

* Biotic Interactions and Support of Food
Chains—the ability of the Site to support
the full requirement of ecosystem organ-
isms such as pollinators, predators,
herbivores, etc.

If correctly designed, ingtdled, and main-
tained, vegetation can provide dl these functions
at ardatively low cost and with little to no long-term
mai ntenance requirement. In addition, awell-
vegetated landscape will usudly be more aestheti-
caly pleasing and will increase the qudlity of life of
the surroundings (Photos 1.2b and ¢).

Photo 1.2c: Results of engineering for restoration-
Granada Hills. Five years later, the slope has fully
revegetated with native coastal sage scrub species,
without the aid of irrigation and fertilization. This
slope was not damaged in the following Northridge
earthquake, although many slopes in the surrounding
areas did experience failures.

Photos courtesy of Land Restoration Associates.
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2.0 PLANNING FOR REHABILITATION

|dedlly, planning for rehailitation should begin
concurrently with the designing and engineering of
the project that is going to impact the ste. If the
enginear’ s specifications are dready complete, the
options available to the rehabilitation designer are
much more limited. Working as part of amulti-
disciplinary group, the rehabilitation specidist can
identify vegetation and dopes that should be re-
tained, locate problem soil areas, make recommen-
dations as to proper grading for enhanced vegetation
growth and survivd, determine what level of reha
bilitation is attainable, and point out habitat and
aesthetic congderations.

Of coursg, if the impact on the Ste has dready
occurred, such as on an abandoned mine Site,
rehabilitation project managers must Sart with the
gtein the condition that they find it.

2.1 Project Scheduling

The scheduling of the different dements of a
rehabilitation plan needs to be determined at the
onset of the design of the project. It is imperative
that adequate lead time be given to a rehabilita-
tion project. Most commonly, it will teke at least
two years of planning and design before a project
can be implemented. The reasons are both bio-
logica and political—plant materids, agencies,
and companies will not aways produce the
desired results at just the time the planner wants
them. In addition, many aspects of the plan will
have a narrow window of opportunity for religble
results, and these narrow windows may dictate
Ste development and success.

2.1.1 BIOLOGICAL SCHEDULE

Pants have a very narrow window for indtala-
tion without the addition of systemdtic irrigation. For
example, ingdlation of containerized plants a low
and moderate elevations should take placein
Cdiforniaimmediately after the fird mgor sorm
(late fall—October or November). The soil profile
should be wet throughout, with winter storms soon

to follow. At higher devations, where winter snowfall
is common, plants need to be placed in the soil by
October 1, dlowing them plenty of timeto go
dormant before winter temperatures drop below
freezing; dterndively, they may be planted after
showmdt in the spring.

This narrow window of ingtalation also deter-
mines how far ahead of time the plant materials have
to be either collected or grown out. For example, al
containerized plant materids used on a Ste need to
be grown out approximately ayear before they are
ingaled, and some species such as manzanita
(Arctostaphylos spp.) require two years to grow
out. If seeds are to be collected for the process of
growing out plantsin containers or for direct planting
on the Site, seed collection has to take place before-
hand & the appropriate time of year, and often it can
take more than one year to gather enough seeds of
the desired species. If any live plant materids will be
savaged for later use in Ste rehabilitation, such
sdvaging should take place while the plants are
dormant. For most species in Cdifornia, the
period of dormancy begins between October and
December, depending on location, and ends
about March. Trangplanting while the plant is
actively growing will gtress the plants and in-
crease their mortality rate.

2.1.2 EARTHWORKING SCHEDULE

From the engineering sSide, earthwork to prepare
the gte for planting and erosion control needsto
take place while the Steis dry (usudly the summer
months). If earthwork is delayed into the autumn,
planting may be delayed past the biological window,
requiring that irrigation, which can be costly, be
added to the project design or that the project be
delayed ancther year.

2.1.3 LAND-USE PLANNING SCHEDULE

Rehabilitation projects do not take placein a
void. Locd, state, or federal entities and water-
shed groups dl have an interest in projects in
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their jurisdictions. The land uses around a project
must be taken into account, both for project success
and for good community relationships.

2.1.3.1 Zoning

Zoning issues should not be overlooked. The
project planner should determine the zoning ordi-
nances of the rehabilitation Site and aso of surround-
ing properties. Development or changes (such as
flood control projects) on adjoining properties may
impact the rehabilitation Ste. For example, awetland
rehabilitation project may be vulnerable to having its
water source altered by an upstream property
owner.

2.1.3.2 Permitting

The best advice on permitting is to contact the
local lead agency early on in the process. Most
projects will require some type of local, Sate, or
federd permit. Permitting can take from aslittle as
three months to three years or more, depending on
the complexity of the project. The permits are obtained
based upon adesign, and completing the desgn can
aso betime consuming.

Each lead agency (city, county, or area-wide
planning commission) will have regulations on the
amount of earth moving that can take place without
agrading permit and under agrading permit. Lead
agencies aso determine which projects will require
environmenta review under the Cdifornia Environ-
mental Quaity Act (CEQA) and/or under the
Nationd Environmentd Policy Act (NEPA). Once
the application is deemed complete (30-day pro-
cess) and a determination is made that the project
must undergo CEQA, the lead agency has up to one
year to complete the process.

Projects located in waterways may have to
obtain a 1601 or 1603 Stream Alteration Permit
from the Department of Fish and Game (DFG)
(contect the local Regiond Office), a Clean Water
Act (CWA) Section 404 permit from the Army
Corps of Engineers, a CWA Section 401 certifica
tion from the State Water Resources Control Board,
and, if the waterway is regulated, a permit from the
Federd Energy Regulatory Commission. If the
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project has minima impacts, the Corps 404 Permit
process has a series of Nationwide Permits available
that regulate with little, if any, delay or paperwork.

Other permits may need to be obtained from the
Air Quality Control Board for air impact and from
the US Fish and Wildlife Service and the DFG for
impacts to species listed under the federd and sate
endangered gpedies acts, respectively. Thisinformetion
will beavailadlefrom thelead agency.

2.1.3.3 Stakeholders

Watershed stakeholder groups, which are
forming throughout Cdlifornia, are agood contact
point for projects to be undertaken in their
watershed. In addition, local groups may be able
to provide specialized local information about the
Ste that is not otherwise available to the practi-
tioner, such as anecdota information on the
disturbance higtory of the ste. The University of
Cdifornia a Davis maintains watershed contact
information onHline a www.ice.ucdavis.edu.
Informed neighbors make the best neighbors, and
these groups can facilitate the approval and/or
funding for a project in their watershed. Cur-
rently, various state grant programs target resto-
ration projects that are supported by established
watershed groups (e.g., State Water Resources
205()) and 319(h) grants).

2.2 Rehabilitation Potential

Once the political congtraints have been consid-
ered, the Site' s rehabilitation potential must be
assessed: Can the ecosystem functions be reestab-
lished and, if S0, what habitat type or plant commu-
nity can the site redigticaly support? Factors
entering into this assessment include the physica and
biologica characteridtics of the Ste and are summa-
rized in Table 2.2 |ater in this section.

2.2.1 CLIMATE

The dimatic divergty of Cdiforniaisunrivded in
the United States, providing numerous chalenges to
the practitioner. Cdifornid s climate varies from the
cool, wet Pacific Northwest to the hot dry southern
deserts and from coastal marshes to apine mead-
ows (Figure 2.2.1). The gross climatic regime often



limits the potentid for plant growth on a Ste and
affects the planning schedule. For example, arid or
semi-arid cdlimates are often difficult to rehabilitate
because the correct soil-moisture regime for germi-
nation occurs infrequently. In contragt, high elevation
gtes can be difficult because the growing season is
short. Loca eevation and topography then deter-
mine to alarge degree how the gross climatic regime
will be expressed, i.e., whether the climatic effect
will be exacerbated or amdiorated. Such localized
effects may include sorm movements, rain shadows,
lake effects, and anabatic and catabatic winds.
Practitioners need to assess both the gross dimaic
regimeand locd conditions

2.2.2 ASPECT

Aspect determines the amount and duration of
solar radiation a Site recaives. In the northern
hemisphere, northern exposures are cooler and
wetter and southern exposures are hotter and
drier; eastern and western exposures fal in
between these two extremes. The role of aspect in
the rehabilitation potential depends on the climate
of the proposed project site. For many areas in
Cdlifornia, northern exposures provide a better
growing environment than do southern expo-
sures. However, at high devations, the cool, wet
northern exposures trandate into a shorter grow-
ing season, making the ste more difficult to
rehabilitate.

In addition, a rehabilitation plan must be
varied to accommodate the diversity of aspects
on a Ste. For example, in many central and
southern California locations, the northern expo-
sures support diverse oak woodlands, while the
southern exposures support annual grassands
(Photo 2.2.2). In this example, an attempt to
creste an oak woodland on a southern exposure
would be ill-advised.

2.2.3 TOPOGRAPHY

An overview of the landscape-level topography
will provide clues as to whether the Steisin an
erosond landform, with substrate materid gradudly
leaving the Site, or whether the Site is a depositiona
landform, which receives materid from upsiream or
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uphill. The landform aso generates strong soil and
hydrologicd effects. The ability to revegetate aSte
will beinfluenced by the topography, which includes
the stability of the dopes, i.e., the potentid for
surficid and/or deep-seated dope fallure. The
steeper and longer the run of the dope, the more
prone the site will be to erosion, and the more
difficult it will be to rehabilitate the dope (Photo
2.2.3). Also, the steeper the dope, the more
droughty the dope. As one would expect, it is
generdly easer to revegetate gentle (no steeper than
3:1 (H:V) dopes than those gpproaching 1:1 (H:V).

2.2.4 SOIL DEVELOPMENT AND
STRUCTURE

Soil development is determined by a number of
factors such as parent materid, climate, living matter,
topography, and time. The degree of soil develop-
ment on aSte can be an important factor in deter-
mining rehabilitation potentid.

For example, many forest soils and some desert
soils are highly structured, with identifiable horizons
and sub-horizons (Photo 2.2.4). Recreating such a
highly developed soil profile after severe soil disrup-
tion isdifficult. Digturbed soil is often mixed from
multiple horizons, which results in the disruption of
s0il structure and chemistry and the dilution of
beneficid soil organics and biota. Site-indigenous
species may be closdly tied to soil chemistry and
biology, and the loss or dilution of these through
mixing may have along-term, adverse impact on the
rehabilitation potentiad of the Ste.

Ecosystems that have little natural soil develop-
ment or have coarse textures are often easier to
rehabilitate because the soil is less susceptible to
damage from handling. The importance of sail
management techniques (such as stockpiling and
storage) will be much less for stesthat have little to
no natural soil structure, i.e., moving sand dunes and
riparian scour zones.

2.25 HYDROLOGY

Water can be both a curse and a benefit to a
rehabilitation project. If adry land habitat isto be
reestablished, erosion control measures need to be
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Mean Annual Precipitation
for California

<5.5inor< 14 gm
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Figure 2.2.1: Mean annual precipitation for California.
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Photo 2.2.2: Effect of aspect on vegetation composition. Northern aspects in this central
California location are dominated by oak woodlands, while southern aspects consist of
annual grasslands.

Photo 2.2.3: Effects of topography on rehabilitation. These over-steepened slopes will
make it difficult to rehabilitate this mine site in southern California.

SP 123
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Photo 2.2.4: Example of a highly structured
soil (from a Mojave Desert site).

used to protect the newly planted/denuded site from
wind and water erosion. Often thisinvolves a
drainage plan that moves the water around and
through the site without causing erosion.

Many of the ecosystems that are currently
being rehabilitated or cregted in California are
water-dependent systems, such as wetlands,
vernd pools, and riparian woodlands. When a
water-dependent system is being rehabilitated,
the practitioner needs a thorough understanding
of the hydrology of the Site and of the water needs
of the components of the system. Specificaly, issues
to be addressed include the physical processes that
affect frequency and duration of inundation, depth of
inundation, and depth to groundwater during the
growing season. The long-term flooding history of
the ste must aso be considered.
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AN EXPLANATION OF SIDEBAR
SPECIFICATIONS

This manual includes many examples of
actual specifications from projects
implemented throughout California. Each
specification was written for a specific site
and is provided herein as an example only.
These specifications can be used as a basis
for writing your own site specific
specifications. However, they should not be
copied verbatim, but instead should be
modified to reflect the characteristics of your
rehabilitation site.

2.2.6 LEVEL OF DISTURBANCE AND
DEGREE OF ISOLATION

The ahility to rehabilitate a Ste will dso depend
on the degree of disturbance the Site has experi-
enced. A amdl ste that has experienced little to no
human dteration would be rdaively easy to rehabili-
tate; most ecosystem functions are il evident and
spontaneous colonization is still a dominant process
on the Site. At the opposite end of the spectrum are
large, highly disturbed sites where human activities
have completely atered the processes and functions
of the ste. On ahighly disturbed Ste, ecosystem
functions are not evident, and spontaneous regen-
eration of the site-indigenous species may not occur
(Photo 2.2.6). The latter ste will be difficult to rehabili-
tate.

The degree of isolation of the ste will interact
with the degree of disturbance. A dtethat is cut off
from amilar habitats will be more difficult to rehabili-
tate, because the practitioner will be responsible for
the reintroduction of nearly dl biota. A stethat is
Stuated near or surrounded by smilar habitat will be
eader to renabilitate. These nearby, intact habitats
provide the full complement of propagule sources
and fauna (such as pollinators) important for biotic
interactions that would otherwise be difficult to
identify and/or obtain for re-introductions. For this
reason, it is advisable to try to provide connections
or migration corridors from adjacent intact habitats
to a rehabilitation project.
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Coastd sand dunes and riparian woodlands are
AN EXPLANATION OF SUCCESSION at the other end of the spectrum. These systems are
Succession is a concept regarding the adapted to frequent and/or high levels of distur-
process of ecosystem development in which bances and exhibit considerable resilience. The
the establishment of the first species in the vegetation of wind-blown sand dunes and flood-
community modifies the environment, prone streams is dominated by species that resprout
allowing for their replacement with a or reseed readily following a disturbance, making the
sequence of populations of other species site reldtively easy to renchilitate Thusthelife cydeof
through time. Succession culminates in a the plants to be used is an ecological factor to be
“climax” community, where the populations considered in matching the rehabilitation god to the site.
remain relatively stable and are no longer
replaced by new populations. The species Another ecological factor to consider is succes-
found in the climax community are completely | gon, in which sets of species predictably follow
different from those found in the early other sets of species as the system develops soil,
successional stages. The theory of shade, and complexity. If a system does have
succession was developed on abandoned Successional stages, they will be an important
fields and meadows in Wisconsin and has consideration during rehabilitation. When rehabilitat-
limited applicability in California. ) . " i

ing a successond system, the practitioner will need

227 ECOLOGY to emphasize the eaxly suo_nal_ Species and
ecosystem dtructure because therr life cycles are
The choice of the target ecosystem (thet is, the  agpted to marginal conditions. However, many
ecosystem that is the ultimate goal of therehabiilita-  ecosystemsin California do not exhibit whet is
tion project) must fit with the physical characteristics  known as dassical succession: the dimax species
of the site as discussed above, aswell aswith its are present at the outset.
ecological characterigtics. One important ecologica
characteridtic (or factor) isthe St€' sresliency, its
ability to recover from perturbations. Reslliency is
related to the frequency and
the magnitude of natura
disturbances with which an
ecosystem has evolved. For
example, old growth forests
and some desert systems
neturaly experience infrequent
or low levels of disturbance
and, therefore, have little
innate resilience. Old growth
foretshave evolved in a
relaively stable environment
and do not quickly regenerate
following frequent or high
levels of disturbance.

Photo 2.2.6: Loss of ecological processes. Mining on this site in the Sierran
Foothills has disrupted most ecological processes, making rehabilitation
difficult.
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2.2.8 COMPETITION AND HERBIVORY

Invaghility, the resstance to invasions by exatic
species, while part of the ecology of the Site, de-
serves separate mention for Caifornia. Reaching a
goa of ste-indigenous peciesin California ecosys-
tems may be difficult because many Cdifornia
ecosystems have been atered by invasive exatics,
which have the potentid to out-compete the netive
gpecies and can permanently dter the resulting
habitat. The most common exampleisthe conver-
son of Cdifornia's perennid grasdands to annud
(exotic-dominated) grasdands.

If agteisdominated by highly invasive exctic
plant species (examples include pampas grass
(Cortaderia spp.), European beach grass
(Ammophila arenaria), eucayptus (Eucal yptus
Spp.), tamarisk (Tamarix spp.), and giant reed
(Arundo donax)), control of the exoticswill be
necessary to re-establish the indigenous ecosystem.
Often, control of exoticsis very difficult and expen-
sve therefore, many projectstolerate some leve of
contamination as long as project gods are not
compromised.

Other impacts to native systems include her-
bivory by native (deer) or by exatic (cattle) herbi-
vores (Photo 2.2.83). The practitioner should aso
asess the potentia for a native rodent or insect
population explosion caused by the abundance of
new sprouts on the rehabilitetion Site,

Other impacts to native systems include damage
by cattle and by people on foot and off-road
vehicles. The damage from trespass (pedestrian,
bovine, and vehicular) includes direct physica

REHABILITATION OF DISTURBED LANDSIN CALIFORNIA 11

damage to plant materids, and compaction and
accelerated erosion of soils (Photo 2.2.8D).

2.2.9 WATERSHED PROCESSES

The potentia of the Site to support a particular
habitat will aso be determined by how much the
gross physica processes on the landscape-level
have been changed by mgjor land-use dterations,
such asdams. Actions that seek to restore water-
shed processes on a site specific leve, but within the
context of the landscape level, will have a grester
chance of success. The basic method isto identify
the watershed processes, determine where and to
what extent these processes have been dtered, and
then repair or rehabilitate the processes. Such
watershed processes include water qudity, sediment
trangport, geomorphology, wildfire recurrence, and
flood attenuation. Alterations of watershed pro-
cesses can dramatically affect many other factors,
such as topography, hydrology, and soils.

Dradtic disturbance of soils, including loss of
topsoil horizons, has great potentia to dter water-
shed dynamics. In particular, disturbed soils com-
monly have poor soil structure and lower infiltration
rates, meaning that a grester proportion of precipita
tion flows over the land surface instead of percolat-
ing into the soil. These surface flows accderate
eroson. Rebuilding of soil sructure takestime, and
the first years of arehabilitation project typicaly
suffer increased erosion compared to sites with
established revegetation. The cumulative effects of
degraded soilsin awatershed are seen in flashy,
erratic flows of streams, channel downcutting, and
heavier sediment transport.
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Photo 2.2.8a: Grazing impact. Impacts to native systems include herbivory by native
(deer) or by exotic (cattle) herbivores.

Photo 2.2.8b: Trespass impact. Off-road vehicles have damaged these slopes and
increased erosion.
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3.0 SOILS AND SOIL MANAGEMENT

Sail is the foundation on which arehabilitation
project is built. In order for a Site to be successfully
revegetated, the soils must be able to provide the
plant community with adeguate rooting volume,
water and nutrients, and soil biologica activity. This
support must occur both in the short term, to
achieve plant establishment, and in the long term, if
the regenerated plant community isto persst. A
fallurein the soil sysemislikely to cause acorre-
sponding failure of the revegetation project. There-
fore, aproject manager must understand the phys-
cd, chemica, and biologica characterigtics of the
soil a the project Site in order to create a successful
rehabilitation plan.

Each of the horizons in a generdized soil profile
(Figure 3.1) contributes something to the soil’s
ability to support plant cover. However, these
horizons and their functions are often missng in
dradticdly disturbed soils, that is, soils from which
most of the topsoil has been atered, buried or
removed (Box 1978). The god of soil regeneration
activitiesisto help the soil (or soil-like subgtrate)
provide enough of the required functions that plants
can colonize the Ste, protect it from further erosion,
and perdst as a community.

More detailed information is available through
severd excdlent and very readable books on the
topic: Practical Handbook of Disturbed Land
Revegetation by Frank Munshower (1994, Lewis
Press); Reclamation of Drastically Disturbed
Lands edited by R.I. Barnhisd, R.G. Darmody, and
W.L. Daniels (2000, Soil Science Society of
America, Agronomy Monograph 41.); Reclaiming
Mine Soils and Overburden in the Western
United Sates. Analytic Parameters and Proce-
dures, edited by R.D. Williams and G.E. Schuman
(1987, Soil and Water Conservation Society);
and a generd soils text, Soils, An Introduction
by M.J. Singer and D.N. Munns (2002, Prentice
Hall). Although we attempt to be as factud and
gpecific as possible in this manud, the variable and
extreme conditions on many mined materids often

make generdizations difficult. The information
presented hereis held to be generdly true, but
potentid treatments should be tested first on small
fied plots before being applied to larger aress.

3.1 What is a Soil?

This section reviews the typica pattern of soil
layers, or horizons, found in naturd soils. Each of
these horizons and afew of their characterigtics will
be conddered briefly, starting with the surface layer.

The uppermost organic, or duff, layer (O
horizon) is formed from accumulated plant litter.
This layer, if it exigs, insulates the soil from
excessive heat or cold and protects the fine-
textured soil particles from the impact of rain-
drops, which can pdt and erode the bare soil
surface. Decaying plant and animal matter creates
humus, which provides a rich source of nutrients
that are dowly released for sustained plant
growth.

As the litter decomposes, nutrients and
organic matter tend to accumulate in the topsoil
(A horizon). Seeds, fungi, bacteria and smdl soil
invertebrates are dso abundant in the A layer.
Hedthy topsoil is rich in organic matter and
biologica activity and, for this reason, often has a
crumb-like or granular structure rather than being
powdery or dense. This open, crumb-like struc-
ture alows water to infiltrate into the soil rather
than run off over the surface. Thus, the topsoil
(or a topsoil-like subgtrate) is essentia for suc-
cessful revegetation. Recreating this materia
from basc components can be an intensve and
expensive process, however. After dl, the natura
process of topsoil formation takes thousands of
years to produce a mature topsoil, so a degraded
ste cannot be expected to completely regenerate
itself within the short duration of arevegetation
project.

Aswater percolatesinto the A horizon, it dowly
leaches minerds out of the soil matrix and carries
them down to the B horizon. This movement, and
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the higher subsurface moisture content, often causes
the B horizon to be enriched in clays. Clays hold
much more plant-available water than sands or Silts,
acritica factor on dry revegetation sites. On the
negative Sde, aclay layer can become so dense that
root penetration is difficult. In addition, sdltsand
toxic metas may accumulate in the B horizon. The
boundary between the A and B horizons can often
be identified by a color change in the profile. Be-
cause the A horizon has the grestest concentration of
organic matter and the B horizon has more clays or
sdts, the boundary between the two horizonsis
often where the darker, browner color of the A
horizon changesinto the lighter, grayer or redder B
horizon. In older soils, the B horizon has more well
developed soil structure and may appear chunkier
than the more granular A horizon. On Steswhere the
A horizon has been log, the B horizon would be the
next best choice for creating atopsoil, unlessit is
extremdy clayey or sdty.

The C horizon represents the underlying sub-
drate, or parent materid, that is starting to transform
into soil materids, but isnot very far dong inthe
process. Subsurface horizons commonly do not

TRGANIT
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support plant growth well because they are exces-
Svey coarse or fine textured or have low levels of
plant-avallable nutrients. Materids amilar to the C
horizon are typicd of the overburden and commod-
ity materia exposed a many mine Stes.

Because the geography of Cdiforniais quite
variable, the soil resources at rehabilitation Stes
around the dtate aso vary consderably in ther
conditions. A trained soil scientist can provide
information on the quality and depth of topsoil on
the ste. Another valuable resource is the soil
survey, produced for many counties of Cdifornia
by the United States Natural Resources Conser-
vation Service. These data will give the practitio-
ner an idea of the depth, qudity, and chemistry of
the ste€ sorigina soil mantle. Of course, taking a
shovd (tile gpade) out to the Site and digging soil pits
in representative areas can aso yield awedth of
information, especidly where soils have been
disturbed or dtered from those originally
mapped. Rehabilitation projects can be adversely
affected by buried gravel or sand layers (Alpert et
a. 1999) or buried layers of high sdinity (Bertin
Anderson pers. comm.) that were not evident based
on surface soil ingpection.

1234
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Figure 3.1: A soil profile with organic matter accumulating in the A horizon, and clay and iron
accumulating in the B horizon (Singer and Munns 1999).
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Once on the Site, the project manager should
evauate the genera landscape of the area and
interpret signs of watershed processes. Is the
revegetated dte in a low-lying area and will it be
flooded or receive sediments or sdts from nearby
hills? Is the gte on a hilldope from which materi-
as will be logt by eroson? Are the soils and
subsoil materials transported from other places
(floodplains, old dune deposits), introducing the
soil characterigtics of those places? Or are they
derived from the geologicd materids underneath
the ste, with physica and chemica characteris-
tics of the local area? These long-term, land-
scgpe scale trends will continue in the future, and
the rehabilitation project should be designed with
them in mind.

When the generd terrain of the Steis estab-
lished, the next focus of the rehabilitation process
is to consder the physical characterigtics (texture,
compaction), the chemica characteristics (nutri-
ents and toxins), and the biological components
(organic matter content and biological activity) of
whatever substrates remain on the Site and are to
be used as growth media

3.2 Physical Characteristics

The three most important physical characterigtics
to congder in aimpacted soil are texture, aggrege-
tion (organic content), and the level of compaction.
The s0il texture and aggregate Sructure determine to
alarge extent the amount of water and nutrients the
soil will hold. Compressibility (or the susceptibility of
asoil to compaction), which is somewhat deter-
mined by soil texture and organic content, can have
along-term negative effect on arehabilitation
project.

3.2.1 PARTICLE SIZE AND TEXTURE

A typicd naturd soil contains about half pore
gpace and haf solid material (Figure 3.2.14). The
pore space can be occupied by ether air or water,
depending on the moisture content of the soil. The
solid materid isdivided into particles that are greater
than 2 mm in diameter, such as gravels or stones (the
coarse fraction) or particleslessthan 2 mm in
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diameter (the fine sail fraction, or fines). The coarse
fraction is usudly disregarded in andyses of soil
chemigtry and fertility because it has a very low
surface area and does not contribute substantialy to
the function of the soil. In many mined materids,
however, the coarse fraction can be 50 to even 80%
of thetota soil volume. When the coarse fraction
occupies alarge percentage of the total soil volume,
it can dilute the fertility of the whole soil profile. On
the pogtive side, rocky soils can increase the
“effective precipitation” by concentrating moisture in
the fine soil fraction between the impermeable rock
fragments, and the sony cover may be moreress-
tant to eroson.

Thefine sail fraction (< 2 mm) is made up of
sand, slit, and clay-szed particles as well as small
amounts of humus and plant and animd debris.
Size fraction of soil particles are listed in Table
3.2.1. The reative proportion of sand to st to
clay-sized particles determines the soil property
known as texture (Figure 3.2.1b). Sandy textured
s0ils, for example, have percent sand content
greater than 45 to 50%. Clay soils have greater
than 40% clay. Loamy soils have gpproximately
equa proportions of sand and slt, with smaler
amounts of clay. The particle size digtribution of
the minerd particles in the soil is the primary
determinant of soil texture and water release
curves (the rate a which a soil will provide plant-
available water) in an dtered soil.

Many times the exact classfication of the soil
IS not as important as a quick judgment on
whether the soil is fine textured (and, thus,
susceptible to compaction) or whether it is coarse
textured (and, thus, droughty and unableto hold
water). With alittle practice, soil can betextured by
hand (Figure 3.2.1¢). Severd points need to be made
regarding soil texturing by hand. First, don't work
soil with the hand that you will need to write notes
with or that you will need to have clean for any other
purpose. Second, start with agolf ball sized volume
of soil, wet it, and be prepared to work it (knead,
sgueeze) for 10 or even 20 minutes. Keep the soil
bal moist. A smdl squirt bottle of water is useful to
add drops of water to rewet the soil asit isworked
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Figure 3.2.1a: Soil particles and organisms, showing aggregated particles and voids
(Rose and Elliot from Coleman 1985, used with permission).

in your hand. Some of the clay aggregatestake a
long time to wet up and fdl apart. They fed like
smdl sand grains so they must be broken down to
distinguish them from actud, sand-szed particles.

After the soil has been well worked, the sands
will fed gritty and the silts will fed smooth and
supple. High clay soilswill fed gticky and form
ribbons severd centimeters long between the thumb
and forefinger when damp. Very dayey, moldable
soilsareawarning Sgn of potentid for compaction
and cracking problems later. If the soil won't form a
ribbon, squeeze a handful in your fig to form a
“cadt.” Loamy soilswill deform, or dent, under soft
finger pressure while cadts of sandy soilswill fall
completey apart when the cast is poked with the
finger. A soil with aided, loamy texture feds some-
what gritty and forms a soil cast that does not break
when poked, but aso does not form the long,
moldable ribbons that indicate high clay content. A
s0il texture with fairly high amounts of day and dso
with the gritty fed of sandsisan indication of a
serious potential compaction problem. When soils

with this texture are worked wet, these two particle
gzes pack tightly together. Then, when the soil dries
it developsthe hard, dense consstency of a natura
adobe brick.

FRACTION DIAMETER (mm)

Sand 2.00 to 0.05
Very Coarse 2.00to 1.00
Coarse 1.00 to 0.50
Medium 0.50 to 0.25
Fine 0.2510 0.10
Very Fine 0.10 to 0.05

Silt 0.05 to 0.002
Coarse 0.05 to 0.02
Medium 0.02 to 0.01
Fine 0.01 to 0.002

Clay < 0.002
Coarse 0.002 to 0.0002
Fine <0.0002

Table 3.2.1: Particle size categories.
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water, but the rate of infiltration into the
surface is so slow that rainwater runs
off the surface and the soil beneath the
surface may stay dry.

3.2.3 COMPACTION

Natural soils typically have an open
pore structure in which the particles are
not closely packed. The pore space of
astructured soil allows air to diffuse in
and out and allows water to infiltrate
quickly. The particles are held inan
open, porous pattern by organic matter,
roots and fungal hyphae. When soils are
moved, driven on, excavated or other-
wise handled when wet, the particles

100 90 80 70 60 50 40 20

&
sand (%)

wo| become closely packed and the soil

becomes compacted. Compaction

Figure 3.2.1b: Textural triangle.

3.2.2 PORE SIZE DISTRIBUTION AND
WATER HOLDING CAPACITY

The soil’s texture partially determines the size
distribution of soil pores, which are the primary
influence on water infiltration and retention charac-
teristics. A range of sizes of pores is important
because different pore sizes have different influences
on water availability (Table 3.2.2). The largest pores
(> 100 um, about twice the width of a human hair)
are those that will allow the rapid infiltration of rain.
Water will drain out of these pores as it is absorbed
into the soil, allowing air to flow in and out of the soil
forroot, microbial and animal respiration. Smaller
pores (10 pm to 0.1 wm) are so small that gravity
cannot pull the water out of them. These pores hold
water for plants to draw in through their roots to
replace water transpired from their leaves. These
pores also form the passages within which soil
bacteria and fungi move, digesting dead plant
materials and releasing their nutrients for plant
uptake. The smallest pores (< 0.1 um) hold water so
tightly that it is difficult for many plants to extract
water from them. A soil with a compacted surface
may potentially be able to hold significant amounts of

decreases soil aeration, reduces the
ability of the soil to hold and release
water, creates a higher fluctuation in soil tempera-
tures, and increases the difficulty of root penetra-
tion. After the soil has been compacted, precipita-
tion is more likely to run overland and off the site
rather than to percolate through the soil, resulting in
increased surface erosion and less moisture avail-
able to plants. All these changes caused by com-
paction negatively affect plant growth and survival,
and this one factor, compaction, can result in the
failure of an otherwise well-executed rehabilitation
plan.

Webb et al. (1988) found that compacted soils
may persist in a desert setting for over 100 years
and that vegetation patterns reflect the soil compac-
tion patterns. Newton (unpubl. data) demonstrated
on a wetland site that the level of compaction
significantly affected the resulting recovery and vigor
of the wetland vegetation, and Froehlich and
McNabb (1984) demonstrated that compaction
reduced stand productivity for at least three de-
cades in Pacific Northwest forests.

Soils with high organic matter content are less
susceptible to compaction because organic matter
holds the soil particles apart so that they don’t pack
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SOIL TEXTURE BY FEEL

Adapted from: Steve J. Thien, 1979

 Flace approximalely 2 isp. soll in palm.
Add water dropwise and knead soll to
@ break down all aggragates. Soil 15 al
proper consistency whan plastic and
moldable like moist puity.

Add dry soil lo
s0ak ug walar.

Place a bell of soll between thumb and forefinger,
gemtly pushing the soil with thumb, squeezing

it upward into & ribbon. Form & ribbon of
unfiorm thickness and width, Allow the ribbon
1o emerge and exiend over forefinger, breaking
©  from fts own weight, Does soil form ribbon?

% CLAY >Hi

Figure 3.2.1c: Determining soil texture by hand. Used with permission of the Soil Science Society of America
and Agronomy Society of America.
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and adhere 0 tightly together. Soils with low organic
matter content or high sand and clay content are
especidly susceptible to compaction, since even
smdl amounts of day can tightly pack between the
s0lid sand grains and bind the soil tightly together.
Tillage or deep ripping of acompacted soil will open
up cracks in the soil profile, but without further
development of soil structure these ripped soils will
often settle and repack within ayear or two. Cal-
cium or organic matter can help dtart the process of
soil structure development.

The naturd rate of loosening of compacted soils
is determined by the level and depth of compaction,
the overdl texture, the amount of clay in the soil, the
amount and depth of water penetration, the level and
type of biologicd activity, and the climate (freeze-
thaw cycles and wet-dry cycles). Depth and extent
of compaction will increase if the soil is disturbed
while wet (Voorhees et a. 1986). Thus, wetland
s0ils, which are wet and high in day, will remain
compacted for decades after compaction and
cannot be loosened because they never adequately
dry out.

Some compacted soils can be partiadly loosened
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(Steed et al. 1987, Bainbridge 1993), and should be
done without inverting the soil horizons. A ripper
(verticd shanks two to seven feet long), chisd plow,
mold-board plow, or 32- inch disk can be used to
decompact compacted soils. Ripping should be
done in more than one direction, with the last pass
being on the contour of the dope. The more com-
mon attempts with asmaller disk, rototiller, or
gandard plow usudly fail to adequatdly loosen the
s0il below the top few inches. However, the best
method for addressing compaction on asteis
avoidance, i.e., take measures not to compact the
soil inthe firgt place. Severd measures can be taken
to minimize or avoid compaction:

» work soilswhen dry through the whole
profile,

* keep people and vehicles off or minimize
the number of trips,

* use equipment with oversized (flotation)
tires, which disperse the weight over a
larger area,

* use lighter equipment that will placeless
weight on the soil, and

* add organic matter to soils while working

by desp mechanical ripping while the soil is dry or moving them.

Scale Particles Aggregates | Pors Function Hiota Scale

0% (moter) Boulders Humans | 109 (metan)
1 Stones Clods Rodanis

ad Fasi drainage 10

10* Gravel (Aeration) | Inverlsbrates | o2

10° (mm) _— aggregates | Macropores Roote 16° (mmy

10 p Micro- v <-0.01 MPa ppen

10° git Piant Mycomnizal | 4o

Domalns avaliabie fungi

10° {ym) Clay watar ;mh 0° wm)

107 Colloids w > -1.5 MPa 107

10 Clay iaminas interiayer Viruses, 10°

Molaculas waler Humic Subsi
10° (nm) H‘-‘;wm 107 (nm)
107 (A Atoms 10" (@)

Table 3.2.2: Scale and function in soils (redrawn from Waters and Oades 1991).
By permission of The Royal Society of Chemistry.
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MEASURING COMPACTION

Soil compaction is usually measured by two
different methods, either through bulk density
or through a penetrometer test. Bulk density
is expressed as the dry weight of soil per unit
area (e.g., grams/cm?). A known volume of
soil (core sample) is taken carefully (without
further compacting the soil) and dried at 100-
110°F for one week, or until no additional
weight loss (by water) is noted. This volume
is then weighed, resulting in a figure, such as
grams/cm?, which can be compared to a
similarly treated sample from an undisturbed
site to determine the level of compaction at a
desired depth of soil. Bulk density in a
coarse-textured soil will be higher than in a
fine-textured soil because the coarse-
textured soil will have a less overall pore
space (at comparable compactions). The
bulk density of a soil is determined mainly by
the mineral fraction of the soil; therefore,
organic matter, which holds the fine soil
particles apart, will lower the bulk density by
maintaining open space in the core sample.
Typical bulk density values (uncompacted)
range from less than

1.0 g/cm3 for clay soils to 1.6 g/cm3 for
sandy solls.

A penetrometer test involves pressing a
spring loaded probe into the soil or
hammering in a metal bar and measuring the
resistance or the number of impacts, or hits,
needed to penetrate the soil. The more
resistance or hits, the greater the level of
compaction. The results of this method only
have a meaning if compared to an
undisturbed site. Penetrometers are now
commonly sold through forestry, engineering,
and soil equipment suppliers. Be sure to
distinguish between a high reading caused by
a truly impenetrable soil versus a buried rock
fragment.

3.2.4 PHYSICAL EFFECTS AND
AGGREGATION RESULTING FROM SOIL
ORGANIC MATTER

Soil organic matter decreases compaction and
bulk dengity because it is less dense than minerd
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matter and because it holds the fine minerd particles
in an open, porous structure. This open structure
dlowsweater and ar movement in the soil, it dlows
microbesto live in water-filled pores, and it reduces
hest transfer through the soil, thereby reducing
heeting and freezing problems. For dl these reasons,
s0il organic matter is critical to soil functioning, even
though it is not itsdlf classfied as an essentid plant
nutrient (Smith et d. 1987).

Soil organic maiter has the beneficial agpect of
binding smdl clay or St Szed particles together into
larger aggregates that are the Sze of sand particles
(Figure 3.2.4). In doing S0, s0il organic matter can
gradudly transform a densdly packed, impermegble
s0il materia into a porous, well-aerated, plant
growth medium with improved resistance to eroson.
Smaller, micro-aggregates (< 250 um) tend to be
bound by humic substances, decomposed bacteria
cell wall resdues, and metd oxides. These materials
are very dow to decompose and can persist in soils
for decades (Parton et a. 1988, Tisdal and Oades
1982). Stockpiling of topsoil materidswill cause
only small decreasesin humified types of soil organic
metter.

Larger macro-aggregates (> 250 um), in con-
trast, tend to be bound by microbial colonies and tied
together by fine roots and fungi (Figure 3.2.4). Even
short periods without energy inputs from plant
growth cause rapid decline in macroaggregate
sructure. Perry and Amaranthus (1990) describe a
highly productive timber-producing Site on granitic
soil in southern Oregon. After clearcutting, the Site
was herbicided several timesto reduce brush
invason. The resulting loss of organic matter input
from plant growth caused the soil to lose its struc-
ture, itswater holding capacity, and its soil organic
meatter and fertility. Thisformerly productive forest
s0il subsequently supported only scattered annual
grasses, ferns, and an occasional manzanita.

The addition of organic matter such as composts
or chipped green waste to a disturbed soil may
provide some of the benefits of native soil organic
metter. Y ard waste composts have been shown to
provide modest, steady releases of nitrogen (N) for
plant establishment (Claassen 1999). Because these
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Figure 3.2.4: Hierarchy of water stable aggregates
(soil structure). Tisdall and Oades 1982.

materias vary widely between producers, not dl
composts will behave the same in field conditions.
Uncured composts, for example, may not release
aufficient N for plant growth and may need addi-
tiond N inputs. Municipd biosolids materids have
much grester capacity to release N to the soil and
should be blended with yardwaste composts or
other low-N materials to reduce the N-release rates.

Topsoil remainsthe ided source of soil organic
matter. The organic pools in soils have accumulated
for hundreds to thousands of years and are usudly
excdlent growth media The high leves of humic
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meaterids will decrease only dightly in stockpiles,
even though the levels of easly decomposed organ-
icswill decline within afew seasons. Neverthdess,
topsoil should be stockpiled from the Site before
disturbanceif at dl possble, or it should be direct-
hauled from an expanding area of amineto an area
undergoing revegetation. Commerciadly available
synthetic polymers (PAM products) can act as
temporary gluesto hold particles together in their
current orientation, but they only last afew seasons
and do not generate microaggregate structure where
there was none initialy.

3.2.5 COARSE FRAGMENTS

Thefine soil fraction (< 2 mm) that provides the
majority of the nutrient and moisture retention
cgpacity of asoil can be sgnificantly diluted by the
presence of inert coarse fragment materias (rocks).
These include gravels (0.2-7.6 cm), cobbles (to 25
cm), stones (to 60 cm), and boulders (greater than
60 cm). While they dilute the soil needed for root
growth, they can have some positive benefits. Rock
mulches can reduce surface erosion and reduce
compaction from wheded traffic. In arid areas, the
reduction of water holding capacity can be offset by
the penetration of rainwater to deeper soil horizons
whereit isless susceptible to evaporation. Species
diversity can also be gresater on rocky soils (Redente
et d. 1984). A compilation of rock fragment suitabil-
ity studies puts the limit of “good” or “suitable’
materid for soil subgtitutes at about 15% rock
fragment content of the soil volume or less (Munn &t
al. 1987).

3.3 Chemical Characteristics

The performance of plant materias on the steis
srongly influenced by the soil’ s chemical character-
istics. Most chemica characterigtics are andyzed by
short-term lab extractions of the sail, followed by
andysis of the nutrients or metasin the extraction
solution. Procedures at each of these steps can
greatly influence the results of the andydis, 0t is
important to know what methods are used to get the
soil test results and how they should be interpreted.
Assstance from an experienced soil scientist is
usudly required.
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A useful technique is to compare the results from
samples of an impacted areathat isto be reveg-
etated with results from a vegetated reference area,
usualy one that has been disturbed but that supports
adequate vegetation. Comparison with native,
undisturbed soils can indicate higher soil nutrients
levels than are readily attainable on degraded soil
revegetation plots, dthough they give good informa-
tion on long-term soil development. Soil chemidry is
highly variable over smdl distances, so replicated
samples (four or more per substrate type) are
needed to get a complete picture of the soil chemical
condition.

3.3.1 ACIDITY AND ALKALINITY (pH)

Soil reaction (acidity or akainity) is messured
by pH. Soil pH is an important soil parameter
because it influences nutrient and micronutrient
availability and because it indicates whether the soil
reaction (acid or base levd) is generdly adequate
for biologica activity (Tucker et a. 1987).

Many soil chemical reactions and biologicd
activities are optimum for plant growth when the
pH is between pH 6 and 7. Higher soil pH levels
often reduce nutrient availability through a
number of mechanisms. Nitrogen fixation, nitrifi-
cation and soil protein hydrolysis declines a pH
levels over approximately 8.5. Phosphorus (P)
availability declines a high pH because P precipi-
tates with carbonate minerals. Liming with an
akalizing agent can reduce toxic levels of many
metals, excessve liming, however, may cause
precipitation and nutrient deficiency of iron, zinc and
copper. Boron (B) and molybdenum (Mo) availabil-
ity, however, increases with dkdinity. Soil pH levels
above 8.5 indicate the presence of excessive sodium
(N@) and its associated effects of crusting and soil
disperson.

Lower soil pH levels (acidic conditions) de-
crease root growth and also can lower nutrient
availability. Bdow pH 4.8, duminum becomes
soluble in the soil solution, where it binds with
root meristems and stops growth (Lindsay 1979,
Foy 1974). Microbid activity generaly decreases
below pH 6, reducing the rgpid cycling of N, P and
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sulfur (S) viaplant resdue decomposition. Below
pH 5.5, fungi predominate in the decomposition
process while bacteria and actinomycetes are more
active above pH 6.0 (Kamprath and Foy 1971).
Minerdization of soluble organic matter to form free
ammonium is reaively pH independent, but the
converson of ammoniato nitrate declines below pH
6, with decreasing levels of conversion down to pH
4. Sengitivity of nitrogen fixation depends on the
plant and bacteria species, but rates of fixation
decline below pH 5. Plant available phosphorus
declines below pH 6 as soil organic matter minerd-
ization dows and as P becomes precipitated into
iron and duminum phosphates. However, on un-
westhered granites, P availability increases with
acidity because the gpatite dissolves from the rock
matrix (Claassen and Zasoski 1996). Acid soils can
have toxic solution concentrations of aluminum and
manganese. Plant species vary in their tolerance to
s0il acidity, with severa cool season grasses having
areported lower limit of pH 4.5t0 5.0. Warm
Season grasses are reported to have alower pH limit
of 4.0to 4.5 (Voge 1981). In the western United
States, the critical lower level seemsto be about 5.0
and 5.5. Soil organic materid in the soil dlows
plants to tolerate lower soil pH levels before toxicity
occurs (Foy 1974).

Measurement of soil pH that most closely
represents the acidity that a root experiences is
achieved by using a saturated paste sample. A
saturated paste is typicaly formed from a 2:1 soil
to water ratio (Sobek et al. 1978), but should be
adjusted until the soil surface barely glistens with
free standing water, apH eectrode is then immersed
in the sample. While this gives the most accurate
representation of soil reaction, a practical consider-
aionistha immersing apH dectrode into a gritty or
gravelly sample can eadily scratch and damage the
sensing eectrode s glass surface. Although a 1:2 ol
to water ratio generdly gives higher pH readings
(lessacid), it dlows the soil solution pH to be
measured without scratching the eectrode. Another
measurement concern is that the salt content of the
solution can dter the pH reading. A method of
gandardizing the sdt content of the soil solutionisto
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use astandard 0.01 M CaCl, solution to wet up the
samplefor pH andyss.

The pH measurement described above can
indicate overdl acid generation problems and the
possibility of plant growth problems. This “in-
santaneous’ acidity, however, is not useful for
esimating the total amount of acidity in a mined
materid, the potentid to generate acidity in the
future, or the amount of lime needed to neutrdize
it. Such short-term tests of acid content do not
account for the potentid for sulfides in the soil to
oxidize and produce additiona acidity. Severa
methods are available for estimating lime require-
ment, including titration (Sobek et d. 1976),
severd buffer methods (Shoemaker, McLean, and
Pratt 1962, Sobek et d. 1976), peroxide treatment,
and andysis of total sulfur after sulfate remova
(Smith et d. 1976) or by long-term empirica bench-
scale incubation.

Lime goplication rates are usudly given in parts
per thousand, or tons of lime per thousand tons soil
meaterial. Calcium carbonate (CaCO,) is commonly
used as the source of dkdinity, either from ground
limestone or from high lime content agricultura or
industrial wastes. Calcium hydroxide (Ca(CH),) or
cacium oxide (Ca0) are other more potent sources
of akalinity. These two materias must be used
carefully because they may burn the roots if applied
excessvely or unevenly. When gpplied severd
months to a season ahead of planting, the lime will
have time to react so that plant roots are not dam-
aged, if the soil ismoigt. Use caution to avoid
exposure of the planting crew to caustic amend-
ments.

All the lime materids must be findy ground (less
than 50 mesh, or 300 um). In an acid soil, larger
particles become sealed with coatings of metal
precipitates and may not react completely with the
s0il. Lime maerids migrate very dowly within the
profile, so they should be incorporated to the
desired depth. If the soil cannot be mixed by surface
tillage, lime can be incorporated during the last
severd lifts of earthwork fill using heavy equipment.
Examples of lime gpplication rates for exigting
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ACID ROCK DRAINAGE

Soil pH can also indicate whether the mined
material has produced acid rock drainage
(ARD). ARD results from the oxidation and
hydrolysis of sulfide mineral deposits in the
mined material. When buried deep
underground in anoxic conditions, the rate of
oxidation is slow or non-existent, but when
exposed at the earth’s surface, the sulfides
(often pyrite, FeS,) oxidize in the moist,
oxygen-rich environment and form sulfuric
acid. The iron component of the pyrite also
hydrolyses and creates additional acidity. Soil
bacteria of the genus Thiobacillis are common
in sufide-rich substates. With moisture and
oxygen, these organisms can accelerate
sulfur and iron oxidation reactions up to a
million times faster than the inorganic reaction
rates and can show optimum growth rates at
pH 2 to 3 (Nordstrom 1982). The increasing
acidity often dissolves aluminum from local
minerals, which can generate even more
acidity through hydrolysis, forming a
continuing cycle of acid generation. Minerals
such as jarosite are formed under acid
conditions and are unstable when the pH is
increased by liming. As these unstable
minerals decompose, they can reacidify the
mined material.

abandoned mine gtesin Cdiforniaareincluded in
Table3.3.1.

3.3.2 CATION EXCHANGE CAPACITY (CEC)

Retention of cation nutrientsis an important
function of soil and is evduated by measuring the
cation exchange capacity. The cation exchange
cgpacity (CEC) is the negative charge on minerds
that holds cations againgt leaching losses and
retains cations that westher out of mineras,
keeping them available for plant use. Nutrient
cations such as cacium (Ca*), magnesum
(Mg@*), ammonium (NH*), or potassum (K*) are
retained by ionic exchange between these positively
charged cations and negatively charged soil materids
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(Figure 3.3.2). Severd non-nutrient cations (sodium
(Na), hydrogen (H*), or duminum (AF*) aso are
retained by the CEC. Acid soils often have low
nutrient fertility because hydrogen and duminum
displace nutrient cations from the CEC and contrib-
ute to nutrient loss from acid soils. Alkainesoilsmay
accumulate enough Na on the CEC to interfere with
K* uptake.

Pure clays or soil organic maiter can have CEC
levelsin the range of severd hundred centimols of
charge per kilogram (cmol kg?*) soil. However, these
materidsarein rdativey low concentrations in sail,
so tota soil CEC leves are often only between 10
and 30 cmol kg, evenin good agriculturd soils.
Lower CEC levesindicate coarse soils or low
charge capacity claysthat will have poor ability to
hold nutrient cations. Application or accumulation of
well composted organics can dso increase the soil’s
CEC.

The portion of the CEC that is generated by
subgtitution of auminum for dlica in the clay
minerd is caled “permanent charge” The
portion of CEC generated by negative charges on
the organic matter and by meta oxides is cdled
“pH dependent charge’ or “variable charge’
because it increases as pH increases. As an acid
soil islimed, the variable charge CEC increases and
is able to sequester greater amounts of cations than
when the soil was il acid. The practica gpplication
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isthat an acid soil, whose CEC is measured at
neutra pHs, will indicate much more CEC during lab
andyss than actudly exigsin the field conditions.

Soils can dso have an anion exchange capacity
resulting from positively charged minerd surfaces
attracting negetively charged anions. Plant nutrients
that are anions in the soil include phosphate (PO,?),
sulfate (SO,*), and molybdenum (MoO,*). These
anions may aso beretained by cationic bridging, in
which anutrient anion isionicaly dtracted to a
cation such as Ce?*, which, in turn, isbonded to a
negatively charged soil surface. Calcium gpplication
to acid leached soil increases ionic bridging between
s0il minerals and nutrient anions.

3.3.3 SALINITY

Excessve st in soil water decreasesthe
effective moisture available for plant growth. Sat
dows growth and, by accumulating at leef tips, can
damage and “burn” tissue. Y dlow, brown or black
leef tips are avisud indication of sdt stress, aswdl
as other types of stress. Arid-land plants often have
adaptations for this problem, including the ability to
make various internd osmotic adjustmentsin order
to baance externa sdt concentrations. This effort is
metabolically expensve and, dong with reduced
water availability, resultsin plants that look normal
but are abnormaly small for their age. The level of
sdinity that reduces plant growth varieswiddy with
plant type, with some native species being far more

Mine Site Substrate Tons per 1,000 tons Mg per ha (30cm)
Leviathan pit 13 45
Sulphur Bank overburden 9 16
shoreline berm 25 41
Spenceville jarosite overburden 25 97
hematite roasts 15 58
altered soil 10 39
Gambonini pit slope 3 11

Table 3.3.1: Approximate liming rates for existing abandoned mine projects in California. Values are in
CaCoO, equivalent. Mg per ha (30 cm depth) values include correction for coarse fragment content of the

substrates at each site.
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tolerant of sdt than the commonly studied agricul-
tural pecies. Sengtivity to st is grestest in early
growth stages (Jurinek et d. 1987).

Accumulation of soluble sdtsin the soil can be
evauated by measuring two parameters. the sdinity
of the soil and the proportion of the exchange
capacity that is occupied by sodium. These two
parameters are important since the dectrica con-
ductivity (EC) of asoil determines the physiological
effect of the soil solution on plant growth, while the
sodium content indicates the potentia for soil
digperson and sodium phytotoxicity.

The EC of asoil is measured on a saturated
paste extract of the soil (Sobek 1976) or in the
solution extracted from soil for pH measurement
(Rhoades 1982). EC readings are temperature
sengitive so solutions should be close to 25°C when
measured (Munshower 1994). Soils with an EC
measuring less than 4 (dS/m) (decisiemens per
meter) are classfied as non-sdine for agricultura
crops, but many arid lands plants can thrive a higher
EC levels. The need to produce a marketable yield
may account for some of the “sengtivity” of agricul-
tura crops, whereas revegetation species do not
need to produce harvestable biomass, but need only
to survive and set seed. For example, beardliess wild
rye (Leymus triticoides) produced seed at soil
solution ECs of 18 dS/m. A fifty percent reduction of
leaf biomass did not occur
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and 15. SAR vaueslessthan 11 are ranked as
“adequate’ (dthough this value may increasein low
clay soils) while vaues greater than 15 rank “poor”
(Munshower 1994). Excessive sodium in the soil
may decrease potassium uptake.

MNa

SAR= S Ca + Mai2)

Another method used is the exchangegble
sodium percentage (ESP). The ESP measurement is
less commonly used because the CEC must dso be
measured.

2p= Ma x 100
Cation Exchange Capacity

Sodium problems occur & ESP vaues greater
than 15%. Criticd leves of both of these character-
idics are influenced by soil texture. Adapted plants
may grow suitably, even above the ariticd leves

A ine soil is defined as having an EC of
greater than 4 and apH less than 8.5. Soilswith
both salts and high sodium are called “sdine-sodic”
soils and have ECs greater than 4 and ESPs greater
than 15%. If these soils are leached of sdts, the
resdud sodium will cause the pH to increase
beyond 8.5, potentidly even risng to pH 10. Soils

until 24 dS/m for fourwing
sdtbush (Atriplex canscens)
and until 36 dSYm for cuneste
sdtbush (Atriplex cuneata)
(Jurinak et dl. 1987).

Sodium inthe il is
measured by the sodium
adsorption ratio (SAR),
which istheratio of sodium
to cadum plus magnesum
on the exchange. Soil phys-
cd digperson and plant
water uptake become limiting
at SAR vaues between 12

Figure 3.3.2: Generation of cation exchange capacity on clays (Singer and
Munns 2002; Schulze 1989).
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with ECsless than 4 are not sdline, but if they have
elevated sodium they are termed “sodic.” The
concern with sodic soilsis that sodium causes soil
aggregates to disntegrate, making soils susceptible
to compaction and making water infiltration difficult.
Cacium amendments can be used to displace
sodium from the exchange complex and improve soil
dructure and water movement. Amendments
containing cacium include gypsum or
phosphogypsum (Singer and Munns 2002). Lime
(CaCO,) isnot typicaly used as a source of cacium
on sdine or sodic soils because the soil pH is often
dready dkdine.

3.3.4 PLANT NUTRIENT AVAILABILITY

An agronomic pattern of plant establishment
requires repeated input of nutrients, and thus a
large fraction of the nutrient content in the sail is
in highly avalable forms. Management of the
agronomic plant community (spraying, mowing,
and weeding) is frequent and intensive. These
systems often do not persist after the inputs and
management are stopped.

In contrast, revegetation schemes that adhere
to a wildlands plant-soil system modd should
receive little or no input except for the initia
remediation and amendment. The plant-soil system
mug, in thelong term, function on its own to retain
and cycle nutrients adequately. Components of the
system should be sdlected so that management
inputs can be dow or nonexistent. For naturd soils,
large nutrient reserves with very dow release rates
are essentid. For plant communities, dow but
conggtently growing plants, often native and peren-
nia, demand little or no management input.

Nutrients that plants require for growth include
nitrogen (N), phosphorus (P), potassum (K),
cacium (Ca), magnesum (Mg), and sulfur (S), in
addition to carbon (C) and water (H,0). These
nutrients are required in relatively large amounts and
thus are caled macronutrients. A second set of
essentia eementsis the micronutrients, which are
required in much smaler amounts. These include
iron (Fe), manganese (Mn), zinc (Zn), copper (Cu),
molybdenum (Mo), chlorine (Cl) and boron (B).
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The essential elements can aso be categorized
into groups of mobile nutrients and immobile nuitri-
ents. This characteridtic is important for reclamation
work because it summarizes the tendency for the
element to be held in the soil by chemical and/or
biologica processes or to move out of the soil by
leaching.

Because mined materids often have atypicd,
unbalanced nutrient distributions, each eement
will be congdered individudly in this discussion.
The soil regeneration plan as a whole, however,
must integrate the individua amendments into a
nutrient cycling system that is stable in the fidd,
provides a sustained nutrient supply for the plant
community, and requires little or no additiona
human input. Target values for nutrient amend-
ments can sometimes be established from existing
data, but a useful dtrategy is to dso andyze soils
on adequately vegetated areas and to use those
soil nutrient availability vaues to interpret nutri-
ent deficiencies or excesses on the barren sub-
strates that are to be treated.

3.3.4.1 Nitrogen (N)

The most common nutrient ement deficiency in
disturbed landsis N (Bradshaw 1982, Bauer et d.
1978, Munshower 1994), although in arid, cacare-
ous soils, weter or P limitations are so common.
Nitrogen deficiencies are common because of
severd characterigtics of N in soilsand plants. Firdt,
N isrequired for plant growth in the greastest amount
relative to other nutrients. Second, N occursin
severd chemicd formsthat are easly lost from the
plant-soil system. Third, this ement is not typicaly
wesethered from the geological parent materias but,
(see Holloway and Dahlgren 1999 and Holloway et
a. 2001, for exceptions), and must usudly be
biologicdly introduced into soils that are often
inherently biologicaly inective. Disturbed soils
commonly contain too little N to regenerate the
many components of the revegetation system that
requireit.

Agriculturd systems compensate for thisN
deficit by repeated amendment with fertilizers
containing N, providing an additiona 7 to 150 kg N/
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halyr (Singer and Munns 2002). This N istypicdly
in readily avalable formsthat are taken up rapidly
by crop plants and weeds or ese are leached from
the soil profile. Nitrogen tends to flow through the
system and come out in crop yieds or in drainage
waters. In contrast, wildland soils, which do not
typicaly receive supplementd fertilizers, cyce N
within their soil, plant, and microbid components.
The main storage location for N in temperate
wildland systems is the soil organic matter. Native
s0ils commonly contain 3,000 to 7,000 or even
10,000 kg total N/ha. The mgjority of thisN is not
available for plant uptake, but is held within soil
organic maiter in forms that don't leach away. While
thisN isnot used for plant nutrition, it provides other
benefits, such as development of water-stable
aggregates, increased cation exchange cgpacity, and
improved holding cgpedity.

On dradticdly disturbed sites, the N rich topsoil
is often removed or buried, greatly reducing thisN
reserve. Soilsin the Lake Tahoe Basin that have
been disturbed and are now steadily revegetating
contained an estimated 1200 kg total N ha'* on soils
that support over 40% plant cover (Claassen and
Hogan 1998).

Decompostion rates of these stabilized soil
organic matter pools are estimated to be gpproxi-
mately 3% per year (Singer and Munns 2002). If
3% of tota soil organic matter N is minerdized
per year, the caculated release rate is about 90
kg N/halyr using a 3,000 kg total N/ha figure,
and approximately 36 kg N/ha using a 1200 kg
total N/ha figure. Below some leve of plant
available N, plant cover will be insufficient to
prevent erosion, further organic matter may not
accumulate, and the vegetative community on the
Ste may not persgt.

Part of the reason that large amounts of N are
required for revegetation of N depleted soilsisthat
N is required for many components of the plant-soil
systemn in addition to the above-ground plant growth
that ismost visble. The N required for various
biologicaly active components of plant-soil systems
of arange of grasdand sites ranges from 80 to over
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400 kg N/ha (Reeder and Sabey 1987). About
25% of the biologicaly active N isin microbia
biomass, needed for cycling and decomposition of
plant resdues, and another 20% isretained in
decomposing plant litter. About 40% is incorporated
into plant roots and only about 12% of the biologi-
cdly active N isin above-ground plant tissue. A
second example from the Atriplex shrublandsin the
Great Basin isshown in Figure 3.34.1. This ex-
ample shows the presence of alarge pool of N in
the soil (7920 kg N/ha), of which only asmdl
proportion is taken up or denitrified per year. The
biologicdly active pools cryptogamic crusts, plant
biomass and litter (boxesc, d, e, g and |) total 529
kg N/ha.

Because severd soil system components com-
pete for N, the amount available for plant uptake at
any onetimeissmdl. Many perennid plants that
survive on native soils are adapted for dow N
uptake. Application of higher N amounts may alow
more rapidly growing weedy species to quickly
colonize asite and crowd out dower growing native
and/or perennia species. Because the plants usudly
desired for the Ste tend to be dower growing, less
water consumptive, native, and perennid, it iscritica
that N availability be kept low early in the project so
that the Site is not overrun with fast growing weeds.
Synthetic dow release chemicd fertilizers and
organic amendments can provide initid amounts of
dowly avallable N, but longer term in release
(severd years) isafunction of organic amendments.
These organic materias, including composts and
agricultural or biologica byproducts, provide a
range of additiona beneficid characteristics as
well as N, including increased biologicd activity,
water holding capecity, and improved soil phys-
cd condition. The release rates of organics vary
greatly and plants should be monitored closdy for
Sgns of nitrogen defidency.

Pant N deficiency is often indicated by agenerd
yellowing of the leaves, especialy the mature lower
leaves, and by unfilled seed heeds. Leaves will be
uniformly yellow-green (as opposed to iron deficient
plants, which have yelow-green areas on the leaves
with dark green areas dong the veins). However, as



plants mature and die they dso may fade and
become yelow as N isremoved from the leaves and
stored in roots or seeds. Y ellow-green bottom
leaves with darker green leaves on the top of the
plant are atypica sgn of N deficiency.

Plant tissue testing for N in some wildlands
gpecies has limited usefulness. Although crop plants
and weedy species will respond rapidly to N avall-
ability and may have detectable variation in tissue N
levels, the dower growing perennias from later serd
stages may not (M cLendon and Redente 1993).
Sower growing perennia and native species may
have growth patterns that are externdly limited so
that tissue N concentrations remain constant even
with N amendment. Smilarly, when N is deficient,
the plant tissue N will not necessarily decresse. The
plant may compensate for inadequate N by reducing
totd plant growth, thereby maintaining constant
tissue N concentration.

Quick release fertilizers should be avoided
because the release rates are too rapid and the total
amounts gpplied are typicdly too low. Commercia
dow relesse N formulations are available but relesse
rates should be monitored because they can change
with the variable chemistry and temperature of
mined materids. Municipa yard waste compost
amendments of 20 to 90 Mg ha* have been used to
provide basdline levels of organic matter on severd
Northern Cdliforniamine sites, but rlease rates are
difficult to estimate and supplemental N has some-
times been required. Long-term N release from yard
wagte compodts has closely matched naturd soil
release rates.

Commercid organic- and chemicd fertilizer-
based soil amendments with arange of release rates
areavalable. A combination of an inexpensve
organic matter source such as composted yard
waste or agricultural compost, in combination with a
supplementd dow reease N materid, islikely to
provide both the quantity and N content required for
revegetation of dragticaly disturbed soils. The
Cdifornia Department of Trangportation is continu-
ing research into appropriate blends and release
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rates of composted materias for use on degraded
Stes.
3.3.4.2 Phosphorus (P)

Phosphorus (P) is used throughout the plant for
energy transfers and for various cdll structures.
Concentrations of P in lesf tissue are lessthan /10
that of N concentrations and P is amuch less mobile
nutrient in the soil. The plant’s options for P acquis-
tion are very different from the optionsfor N. The P
in disturbed soilsis primarily in the inorganic (ortho-
phosphet e, HPO*) form. Thision bindstightly to
minerd surfaces, especidly a both high and low pH
extremes. Because P bindstightly to the soil and
moves dowly by smple diffuson, the plant
cannot draw it out with the soil solution as with
N. Instead, the plant root must grow to the locations
in the soil wherethe Pishdd and withdraw it at that
dte. This pattern favors uptake by plants with fine
fibrous root systems such as grasses. Non-fibrous
rooted plants mimic this fine root structure by
supporting beneficid mycorrhizal fungi, which grow
out from the plant roots and explore the soil. The
symbiotic process and types of mycorrhiza struc-
tures are discussed in more detail in the microbiol-
ogy section.

Because P binds tightly to iron and duminum
oxides at low pH and to calcium carbonates a
high pH, plant avalability of P is very dependent
on soil acidity and minerdogy. Iron rich soils will
retain extremely high amounts of P that is inac-
cessble to plants. These soils require large
amendments before the surplus, or unbound, P
becomes available for plant uptake. Such soils are
identified by fine texture (high surface areg) and
reddish, orange or yellow-brown colors. The
advantage of soils with high P retention is that
once the capacity of the soil to retain P has been
filled, it will be dowly available for long periods of
time. Sandy, unwegthered, non-calcareous soils, on
the other hand, retain low amounts of P. On these
soils, P applications must be very consarvative so
that P availability does not become high enough to
discourage formation of mycorrhizee. Low soil P
retention means that P gpplications must be repested
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Figure 3.3.4.1: N pools and sizes in Atriplex community (adapted from Gist et al. 1978).
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because the plant available P reserve can become
depleted in afew years time.

In well-developed soils, asignificant portion of
the plant-avallable Pis hed within soil organic
matter. This organic P pool does not become bound
to soil minerals because the organic matter aready
coats and partidly blocks the reactive minerd
surfaces. The organic Pis dowly released through
decomposition of soil organic matter and thus
becomes gradudly available for plant uptake. These
s0il organic matter pools are not found in dragtically
disturbed soils with low organic matter content and
are another example of the inherent value of exidting
topsoil materids.

Phosphorus deficiency isindicated on most
plants by a purplish tint to the leaf and reduced plant
growth. Sheaths of grasses or damaged leaves may
naturally develop this color and should not be
migtaken for P deficiency. Deficiency symptoms
often become visble when N islimiting and root
development is inadequate to explore the soil and
take up P. If the soil testsindicate low to moderate P
and theleaves show deficiency symptoms, mycor-
rhizal funga inoculation may be required. Nitrogen
fertilization may aso incresse root growth and
improve P uptake. Excessvelime gpplication may
induce P defidency.

The amount of plant avalladble Pin soilsis
edtimated by measuring the amount of P dissolved
into one of severd extracting solutions. Because the
extracts withdraw quite different amounts of P, it is
critical to know which method was used before soil
fertility analyss data can be interpreted. Three
common methods used by commercid labs are the
week Bray (Bray # 1), the bicarbonate (Olsen) and
DTPA extracts. Soils are shaken with these solutions
for gandard lengths of time and the amount of Pin
the solution is corrdated with plant responsein
agricultura soils. In mine soils, lower target P levels
are acceptable if the objective isto maintain plant
cover rather than to grow and export a crop. The
varigble and often extreme chemicd conditions of
mined materials make interpretation of these agricul-
tural based tests difficult. However, because the
tests are commonly available through commercid
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s0il testing labs, they provide an economica method
of evauating P availability on revegetation Stes. A
range of extractable P usng two solutionsisgivenin
Table3.3.4.2.

Fed trids are useful to calibrate the results of P
extraction tests to suitable P applications on the
actud dte. Because of the wide variety of field soil
and climatic conditions, these data are not readily
avalablein the published literature. In generd terms,
however, native species can be expected to grow
well if extractable Pisin a least the “low” range of
tests usad for agriculturd soil. Legumes, with their
higher P requirements, may require additiona P
fertilization. P fertilization rates commonly are 20 to
40 kg P hal, but on wegthered or very red soils, P
applications in the hundreds of kg P ha* may be
required. The objective should be to provide an
ample supply of total soil P to support sustained
plant growth, but to keep the availability of the P low
enough that plants will form the beneficia mycor-
rhizal relationships that are typica of undisturbed
soils near the revegetation Site.

3.3.4.3 Potassium (K)

Pants use potassum (K) to boost enzyme
activity and regulate osmosis. Although K is
needed by plants in about the same amounts as N,
the element is geologicaly more abundant and
deficiencies are uncommon in western soils
(Munshower 1993). Potassum levels are com-
monly measured in ammonium acetate (NH,OAc)
extracts, the same used to displace other nutrient
caions from the soil. Avallable K is expressed in
ug K g* soil and as a percentage of the soil
exchange capacity. Adequate levels of K from
commercid soil tests range in the low hundreds of pg
K g? soil range (Table 4). K should account for
between 1 and 5% of the ions on the soil CEC.

Extractable K levels measure only theionicaly
bound K that forms the short-term plant- available
pool of this nutrient. Long-term availability depends
on the mineralogy of the soil: the potentialy
wesatherable K. Plants on soils with adequate
exchangeable K but no weatherable source to
replenish the exchangeable K may develop deficien
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ciesat alater time. For example, a coarse sandy soil
may be expected to become more deficent with time
asK isdowly log fromthe sail.

Knowledge of the minerdogy on the Site can
help evauate if additiond K will become available
through wesathering. In astudy of granitic revegeta:
tion gtes, for example, the exchangeable K levels
were marginaly low in the coarsest decomposed
granite ravel and steadily increased as the granite
materials became progressively more wesathered
(Claassen and Zasoski 1998). No supplemental K
fertilizer was specified for the soil because avalable
K is expected to increase as the soils on the site
westher. A gmilar gtuation occurs with the common
acid mine gte minerd, jarogte (a potassum iron
aulfate). Commercid soil fertility testsindicated that
the jaroste materid was only “moderate” in K
availability, but the soil minerds had enough totd K
to supply hundreds of years of hypotheticd grain
crop production. Asthe pH israised, the jarosite
becomes ungtable and K is gradudly released. At a
different mine, the acidic andesitic overburden
material had been leached of K and the soil tests
indicated “very low” exchangeable K. A large
compost amendment containing 650 kg K hartwas
used to provide apooal of plant available K for future
growth requirements.

Potassium can be added as muriate of potash
(KCl), assdts of nitrate (KNO,) and phosphorus
(KH,PO,) or in composted plant materias. Except
for additiona sdt stress on nearly sdine soils, K can
be amended to soils without concerns for toxicity to
plant growth.
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3.3.4.4 Calcium (Ca)

Cdcium isusad by the plant for cell wall
gability and for metabolic regulation. It is present in
much higher concentrationsin the plant than is
actudly required for growth, probably becauseitis
usudly the most common cation on the cation
exchange capacity. It is measured by exchange of
s0il cations with ammonium acetate and is ex-
pressed as ug Ca gl soil and as a percentage of the
tota soil exchange capacity. Typicd vauesrange
from hundreds to afew thousand pug Cag? sail,
with Ca occupying about 50% or more of the
exchange capacity. In serpentinized soils, however,
the Ca percent of the exchange may be much less
than haf of that typicaly found on non-serpentine
soils. Samples of vegetated serpentine soils should
be tested to identify sufficient Calevels for serpen-
tine tolerant pecies. In low Caacid soils, the
amount of Ca present in even the amdlest lime
applications (used for correction of acid reaction)
will give ample Cafor plant growth. Excessve
application of Caas calcium carbonate (lime) may
cause precipitation of plant available P. Caappli-
cation may also be used to counter the effects of
excessive sodium. In this case, CaSO, (gypsum)
would be used since it does not cause additiona
increasesin pH.
3.3.4.5 Magnesium (Mg)

Magnesium is used by the plant for photosyn-
thess and for cdl metabolism regulation. It is

measured in the soil by exchange with ammonium
acetate and is expressed either asug Mg g* soil or

Response to Weak Bray P Bicarbonate P Potassium (K)
fertilizer amendment (Olsen) NH,OAc extr.
growth response common <5 <5 <75
probable growth response 6-14 5-10 76-125
growth response unlikely >15 >10 >126

Table 3.3.4.2: Extractable (plant available) soil phosphorus (P) and potassium (K)
levels. Likelihood of plant growth response to crop or wildlands plants indicated in the

left-hand column.

Compiled from Munshower 1993 and Olsen and Sommers 1983.
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as apercent of the exchange. Generaly, the Mg
concentrations are expected to be athird or half of
the Ca concentrations except in serpentine soils,
whereit is often found at higher concentrations than
Ca High levels of Mg are not inherently problematic
aslong as Cais at least 20 to 25% of the Mg level
(Bauer 1978). Acid soilswith deficient Mg levels
will usudly get adequate Mg from magnesum
carbonate included in the lime materias or from
dolomitic limestone.

3.3.4.6 Sulfur (S)

Sulfur is used by the plant in protein construc-
tion. Like N, S has severd biologicd formsand is
commonly associated with soil organic métter.
Excessve sulfae-S does not cause plant injury,
athough high Slevels often indicate acid generation
potential on many mined materids Very sandy soils
and very low organic matter soils may have sulfur
deficiencies, indicated by yelowish color on the
leaves. Gypsum gpplications can provide adequate
plant available S without pH changes. Elementd
sulfur can provide Swhile dowly acidifying dkaine
soils, if needed.

3.3.4.7 Micronutrients

Micronutrient fertility on such complex and
chemicaly extreme conditions as mined materias
is difficult to evauate. This difficulty occurs
because only a samdl fraction of the tota micro-
nutrient content of the soil is avallable for plant
growth and the analytica methods (extractants
and cadlibration information) do not accurately
represent the plant’s uptake pattern of each
micronutrient. In addition, the variety of mineraogi-
ca conditions on mined materids greetly changesthe
avalability of the micronutrient to the plant root.
Findly, plant tolerance to the various micronutrients
varieswiddly among species and between ages of
individuas from the same species. This combination
of insnsitive testing methods and awide variety of
environmental conditions makes micronutrient
relationships hard to evauate. Munshower (1994)
and Williams and Schuman (1987) review the
difficulties of micronutrient availability or toxiaity.
More detailed information is available from the book
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Toxic Metals in Soil-Plant Systems (S.M. Ross
1994, Wiley & Sons).

Generdly, adjugment of soil pH to levels
favorable for plant and microbia growth (pH
between 5.5 and 7) will reduce the solubility of
Al, Cu, Fe, Hg, Mn, Ni, and Zn to levels where
they are not toxic. Molybdenum (Mo) availability,
however, increases with pH.

Commercid soil andyss of micronutrients for
agricultura soils (often by DTPA or AB-DTPA
(ammonium bicarbonate diethylenetriamine
penta-acetic acid) extracts) can be used for a
genera evauation for micronutrient levels on near
neutral soils. Metd availability on acid soilsis highly
dtered by the pH with use of DTPA extractants.
Inaccurate analysis may result. Micronutrients can
be generdly interpreted by using agricultura stan-
dards, but native plants are probably more tolerant
of micronutrient toxicity or deficiency. A useful
technique, epecidly for micronutrient questions, is
to sample soil from acceptably vegetated areas and
to compare it to soil from barren areas. Changesin
micronutrient concentrationsin the barren areamay
or may not represent a threet to the revegetation
project, but given the complex biogeochemidry of
these dements, additiond information from more
detailed texts or expertsin micronutrient geochemistry
should be sought.

3.3.4.7.0 Arsenic (As): Arsenic (As) isnot usudly
listed as being essentid for plant or anima growth,
but is often found in toxic levelsin mined aress.
Because the thresholds of toxicity for various As
compounds are not well established, comparison of
reference areas and impacted areas can provide
some guidance on the occurrence of toxic Aslevels.
Because As geochemigtry and availability issmilar
to phosphate, smilar extractants can be used to
assess plant-available levels of both dements. Some
colorimetric methods can indicate phosphate-P
when the dement is actudly arsenate-As. Experts
should be consulted if analysisis needed in ahigh As
il

3.4.7.1 Zinc (Zn): Zinc (Zn) isimportant for
regulation of plant architecture and enzyme function
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and isrequired in very low levels within plant tissues.
High Zn levels can interfere with P regulaion. DTPA
extractable levels of zinc in soil that are adequate for
growth of plants are approximately 1 mg/kg
(Munshower 1994). Mine impacted areas often
have variable and occasondly much higher levels.
High or toxic levels of DTPA extractable zinc are
estimated to be 50-125 ppm (Munshower 1999)
athough one study showed that nitrogen fixation was
reduced between 10 and 14 ppm DTPA extractable
Zn (Yadav and Shukla 1983). Zn availability will
decrease as the soil pH increases from acidic to
neutrdlity.

3.3.4.7.2 Manganese (Mn): Manganese (Mn) is
required for chloroplast structure and enzyme
function. Acid soils frequently have excessive
manganese levels. With partia neutraization of
soil acidity to above pH 5.5, however, Mn is not
expected to limit growth through toxicity except
in compacted or reduced soils. High iron levels
aso moderate the effects of excess Mn.

3.3.4.7.3 Iron (Fe): lron (Fe) is required for
many enzyme functions. Acid soils frequently
have high iron levels, but with partid neutrdiza
tion, Fe solubility is so low that the ion is not
toxic. High iron levels can strongly reduce P
avalability, but this P reduction effect is de-
creased as acidity is neutralized above pH 6.
High levels of extractable iron, dong with very high
aulfate levels, indicate a potentid for other acid soil-
related problems.

3.3.4.7.4 Copper (Cu): Copper (Cu) isrequired
for redox control of many enzyme systems within
the cdll. Toxic levels of Cu do not typicaly occur
unlessthe soil isacidic. Avallable Cu extracted by
DTPA or AB-DTPA is not well established.
Because Cu bioavallahility to animas is confounded
by Mo availahility, the two elements need to be
andyzed together. DTPA extractions from Montana
showed most soils contain between 0.3 and 3.0
ppm extractable Cu (Neuman et a. 1987). Copper
toxicity often appears asiron deficiency (chloross of
the leaves). Copper binds to root tips and reduces
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growth, often producing a stunted plant with yellow-
ish leaves (Bennett 1993).

3.3.4.7.5 Boron (B): Boron (B) isrequired for cdl
wall structure and for regulation of membrane
permegbility. Boron is mobile in the sail, and there-
fore it can leach downward through the profile or
can migrate upward from the subsurface. The
difference in concentration between deficiency and
toxicity issmal (Barth et d. 1987). Plant available B
is greatest when pH is above 5.0 (Tucker et al.
1987). Boron is present in soil as an uncharged
molecule.

Because accurate extraction methods and predictive
thresholds are not available, comparison of soil
extracts between impacted and less disturbed
reference areasis useful. Subdtrates that have the
greatest potentia to produce B toxicity are carbon-
aceous rocks or shaes. Materids with more than 5
to 8 ppm hot water extractable B may require
tolerant vegetative species (Barth et d. 1987).

3.3.4.7.6 Molybdenum (Mo): Molybdenum (Mo)
reduces nitrate to ammonium insde the plant and
fixesN, gasin symbiotic N fixation. Smdl grain
crops are not very sendtive to Mo concentrationsin
Soilsexcent a extremeleves. Leves of concern for this
dement are poorly defined but deficiency leveslimiting
plant growth are rare (Munshower 1993).

The primary reason for evauating Mo isto
screen for potentiad damage to grazers on the
revegetated site, including deer, sheep and cattle.
Molybdenum toxicity (molybdenoss), results from
cettle eating plant materia with ahigh Mo content.
When the Cu:Mo leve in the plant tissueis 2:1 or
less, the animds develop symptoms of Cu defi-
ciency. This problem is most common on volcanic
materids in the north and east parts of Cdifornia

3.4 Soil Biology

The soil physicd and chemicd environment
provides the stage on which the biologicd activities
of soil organisms are performed. These living
organisms have vadtly different requirements for



moisture and nutrients and widdy differing toler-
ances for toxic elements. Furthermore, they are
often highly interdependent, so that severd different
life forms may provide the critical benefits of biom-
ass production and nutrient cycling on the Ste. The
net result of this activity is sustainable revegetation
and erosion control. Another benefit of using soils
with exiding biologicd activity isthat they contan
years of accumulated seeds (the seed bank), many
of which gtay viable for a number of seasons. This
seed bank may provide many desirable propagules
for rehabilitation.

3.4.1 PLANT RESIDUE DECOMPOSERS

The nutrients in accumulaing plant litter would
rapidly tieup dl the available N if it weren't for
active decomposition of the litter by soil microbes
and microfauna. These populations are not vishle to
the eye but on native soils can account for 3,000 to
5,000 kg biomass per ha or more (Alexander
1977). Soil bacteriaand fungi rapidly colonize the
plant resdues, decomposing the soluble, easily
degraded portionsfirg. Asthe remaining materia
becomes more difficult to decompose, a successon
of dower growing organisms with more complex
enzyme systems colonizes the resdues. Small soil
arthropods accelerate the decomposition process by
physicaly breaking up the resduesinto smaler
pieces and by grazing on the fungi and bacterid
cdls, thus speeding their growth rate. Decomposi-
tion and nutrient cycling activity by decomposers
may be low in revegetation soils for severa reasons,
including extreme pH, droughtiness, sdinity, or soil
compaction. When the norma cycle of resdue
decomposition and nutrient reese is disrupted, the
upply of nutrientsto the plantsis reduced do.

Soil microbes have a secondary effect on soil
regeneration in addition to nutrient cycling. As
populations grow and die, fungal and bacterid cell
wall residues gradualy accumulate. Decomposition
of these wallsis dow because they are composed of
compounds that are resistant to decay, but the N
contained within them gradudly accumulatesin the
s0il. In thisway the soil organic maiter and dowly
available N pools begin to be regenerated.
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Digperson of many kinds of microbid
propagules is congtant and rapid through wind,
animal, and equipment vectors. Other soil inhabit-
ants, such as endomycorrhizal spores and
microarthropods may disperse more dowly. An
introduced inoculum could potentidly be benefi-
cid dther as an interim measure, bridging the
time gap between project implementation and
loca microbid dispersion, or as a “super-dran,”
that is, one which has been bred to provide a
particular beneficid characterigtic (such as drought,
metd or st tolerance). In order for this latter srain
to perdd, it must out-compete the loca drains.
Introduced microbes have generdly been observed
to be digdlaced by native drans in the few dudies
that track these effects.

3.4.2 MYCORRHIZAL FUNGI

An important group of soil fungi other than those
involved in plant residue decompostion are the
mycorrhiza fungi. These fungi grow in beneficid
association with plant roots and form  unique
sructures known as mycorrhizae (which means
“fungus-root”). This structure is a combination of
fungi growing into or around the plant root, with
hypha drands extending out into the soil. The fungi
are supported by energy from plant photosynthates
and they actively take up and transport P, micronu-
trients, and water back to the plant. This broad
group of fungi is split into severd sub-categories
depending on the funga groupsinvolved and the
mycorrhizal structures.

Mycorrhizal fungi that colonize many conifers
and oaks are in the Basidiomycete and Ascomycete
funga groups and the fruiting bodies are commonly
Seen as mushrooms under the trees. The fungdl
symbiont grows as a dense fungd sheath around the
outside of young root tips, like acotton gloveona
finger. Thistypeis known as an ectomycorrhizae.
The term “ecto” indicates that the fungi grows
outsde of the root cells rather than within them
(Figure 3.4.2). These fungi spread rapidly by wind
blown spores from the above ground fruiting body
and commonly colonize dragticdly disturbed soils.
Pisolithus tinctorius is acommon species with
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many localy adapted strains. These dark brown
puffball-shaped fruiting bodies can be seen scattered
under pines or oaks after the fal rains begin. These
fungi can live saprophytically between periods when
they are symbicticaly involved with a plant root.

Mycorrhizad fungi that grow on herbaceous
plants and many shrubs are grouped as
endomycorrhiza fungi. The term “endo” indi-
cates that as the fungi grow they penetrate the
cdl wals within the cortex tissue of the root
rather than growing outside of the root as a
fungd sheath. Within certain cdlls of the root
cortex, endomycorrhizae form small tree-like
structures (arbuscules), which function as ex-
change gtes for nutrients to the plant and for
carbohydrates to the fungi. These fungi are
sometimes known as “AM fungi” for “arbuscular
mycorrhizal fungi.” These fungi form smal round
resting structures, or spores, that are one to five
times the diameter of a human hair in sze and can
be seved from soil to evauate the potential for
beneficia colonization. No above-ground fruiting
bodies are produced by endomycorrhiza fungi.
Roots of the plant can be cleared and stained and
examined under the microscope to verify that they
have been colonized by the fungi. These fungi are
sengtive to environmental conditions, so they can be
expected to vary from dte to Ste according to
climate and soil chemidry.
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Manzanitas (Ericaceae) are symbicticaly
colonized by a third Ericoid) group of fungi that
have combinations of EM and AM fungd struc-
tures. Members of the Amaranthaceee,
Chenopodiaceae and Brassicaceae families are
generdly congdered to be non-mycorrhiza.

Excessve phosphorus fertilization is com-
monly found to reduce the percentage of the
plant root thet is colonized by endomycorrhiza fungi.
On very low nutrient Sites, however, fertilization can
improve overdl plant growth and actualy increese
the totd length of colonized plant roots even though
the percentage of root colonized is decreased
(Claassen and Zasoski 1993). Different rates of
fixation of fertilizer P onto minerd surfaces and away
from plant available pools can aso cloud the rda-
tionship of fertilizer P and mycorrhiza colonization.

While wind dispersed ectomycorrhiza spores
can travel long distances, endomycorrhizal
propagules are dower to disperse. Therefore,
gtes that are large and barren may benefit from
inoculation. Sites without previous plant growth
(or with only non-mycotrophic chenopodes and
mustards) that have been fumigated or that have
been deeply excavated are likely to show definite
plant growth response to inocula. Sites previoudy
supporting plant growth (other than non-
mycotrophic species) usudly do not show clear
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Figure 3.4.2: Structure of ecto-and endo-mycorrhizae. Reproduced from
Tinker (1980) by permission of the American Society of Agronomy.
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growth increases from inoculation. The effects of
endomycorrhizal colonization may be asimportant to
long-term plant community diversity patterns asit isfor
short-term growth effects.

The source of inocula (native source versus
“universal” accessons) may dso affect dite
performance. Fungd inocula adapted for green-
house growth may not be adapted for growth on
harsh field Stes, but they may provide benefits for
the first severd years until native or ste adapted
gpecies colonize the dte. However, the intro-
duced inocula may displace locd fungi. For
example, two species of mycorrhizal fungi were
exchanged between field plots near Reno, NV and San
Diego, CA. After three growing seasons, both fungi
had perssted in their new locations. Growth was
greater, however, in the origind Ste than the trans-
ferred Site, and it was greater with the host from the
fungi’slocation of origin. The dengty of the mycor-
rhiza fungi dedined sgnificantly a the new ste and
with the new hogt plant, even though the host plants
were the same subspecies of Artemesia (Weinbaum
et a. 1996). Introduced inocula placed in the
surface 2 cm died out completely, but the same
introduced inocula placed a 15 cm persisted in the
new environment (Friese and Allen 1991).

The long term effects of new introductions are
not well described. Potentidly, the benefits of
locally adapted inocula may be decreased by using
fast growing but less effective introduced strains.
Until inoculum source issues are darified, local
fungd inocula can be acquired by using smal
volumes (250mL ; one cup) of soil from the root
zones of adjacent, mycorrhizal plants. These same
inoculum materias can be increased, or bulked up,
under contract with acommercia inoculum pro-
ducer.

Additiond information on mycorrhiza fungi can
be obtained from the following web addresses:
St. John, 2000:
http://wwww.mycorrhiza.net/ select “downloads’,
then “ Expert.pdf (flat)”
Brundrett et al. 2001:
http: //mwww.ffp.csiro.au/resear ch/mycorrhiza/
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Morton, 2001:
http: //invam.caf.wvu.edu/invam.htm

Although stockpiling topsoil is recommended to
save and utilize this vauable resource, the process
can decrease the mycorrhiza fungi activity in the soil.
Stockpiled topsoil held for three yearsin the Great
Baan hed sgnificant reduction of inoculum potentia
(Rives e d. 1980). Soils stockpiled for the summer
congruction season in Northern Cdifornia, however,
showed no lossin colonization potentia (Claasen and
Zasoski 1993).

3.4.3 N-fixation

Because N cannot be westhered out of most
rock types, it must be biologicaly introduced into
the soil. This process involves salitting atmospheric
N, and incorporating it into organic compoundsin a
process known as nitrogen fixation. Generdly,
sunlight and photosynthesis provide the energy for
the process and severa kinds of microbes have the
metabolic machinery to accomplish the task. The
most common of these are the bacterid genera
Rhi zobium and Bradyr hi zobium that infect (colo-
nize) legumes such as clovers (Trifolium), lupines
(Lupinus) and lotus (Lotus). The actinomycete
Frankia colonizes shrubs and treesincluding
Cdifornialilac (Ceanothus), antelope bitterbrush
(Purshia) and alder (Alnus). Both types form
nodules on the roots in which the N-fixation occurs.
N-fixation rates of tensto afew hundreds of kg N
ha' have been estimated for these symbioses, but
the actud rates in the stressful environment of
disturbed sites are probably lower. Soil crusts
(bluegreen cyanobacteria and lichens) are another
sgnificant source of biologicaly fixed N, a product
of the bluegreen dga symbiont (See flux arrow “&’
in Figure 3.34.1).

3.5 Soil Management,Testing, and
Amending Techniques

Without atopsoil, rehabilitation is extremey
difficult. Thus, topsoil should be trested as an
invaluable and non-replaceable resource, rather than
as acommodity to be sold or anuisanceto be
buried. Soils take tens to hundreds of thousands of
years to form, and the process of recreating afully
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functioning soil is difficult and expensive. Therefore,
the best method for dedling with the soil on the
project Ste isto protect any existing soil from
disturbance. On congruction or mining stes this may
entall endlosing with orange condruction fencing any
areas that need not be disturbed.

Unfortunately, Sites are often severely disturbed
by the uses to which they are put, including land
shaping, grading, and drainage dterations, dl of
which disrupt the native soils. If the topsoil cannot
be preserved in place, it may be harvested, stored,
and reapplied at alater date. However, the storage
of the soil presents many of the problems discussed
ealier, such asthe potentid loss of the plant aval-
able N poolsand mycorrhiza fungd inocula
Alternatively, soil can be harvested from asimilar,
nearby site just before it is needed (taking care not
to overly disturb that site as well) and brought to the
project Ste for goplication. This dternativeis
especidly pertinent to phased projects.

The most expendve dternative isto create new
topsoil on the Ste. If thisdterndive is necessary, it
would be wise to examine the soil in a nearby
vegetated areain order to develop amodd for soil
regeneration. Thisloca mode will provide an
example that integrates the locd climate, geologica
meaterid, terrain, and biologicd activity and thet
provides a redistic comparison for establishing
adequate soil nutrient levels and sdlecting potential
revegetation plant species and soil microbes.

Various projects have sought to create a sol
from amixture of fines (dlt and clay), organic maiter
(composts, dudge, wood chips), and other additives
such as gypsum or lime. These Stes may grow some
vegetation initidly; however, gudies indicate that
their long-term (in excess of 30 years) viability isin
guestion (Haigh 1992). Some projects where the
topsoil waslogt long ago have no option. If thisis
the case, a soil scientist should be consulted to
determine the proper mix of materialsto result in the
best possible, sdf-sugtaining growing medium.

3.5.1 MOVING SOILS WITH HEAVY
MACHINERY

If soil materias are to be harvested, moved,
stored or worked during the congtruction or mining
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phasg, it isimportant that these activities occur when
the soil materials are dry. Wet or damp soils are
easily compacted and smeared and will be much less
ableto grow plantsthan if they were handled when
dry. Bacteria and fungal spores and plant seeds are
dso in aresgant sage of ther life cydeif the sail is
dry and are more likdly to survive the moving
process.

Soilsthat are well developed, with distinctive
dark, organic-rich A horizons, or clay-rich B hori-
zons, should be moved with ther relive horizonsin
proper order. The organic rich A horizon will have
better aggregate structure to withstand raindrop
impact, while the clay rich layers from greater depths
may become hard and compacted if placed at the
ground surface.

3.5.2 PLACEMENT OF SOIL MATERIALS
WITH BENEFICIAL TEXTURE

During condruction or mining activity, it may be
possible to place overburden materidsthat are
better suited for revegetation on find grade
surfaces and to place materias that are difficult to
revegetate where they will not be exposed following
mining. For example, excessvely coarse (sandly,
gravely) or fine (clayey) maerids, or materiaswith
high sdt content or metal concentrations should be
placed deep in thefill process, well below the root
zone. Materid with loamy textures should be used
for the final grade of the project. Fine materids such
as clays or fine slts should not be placed in lifts over
coarse maerias such as sands. Soil moisturein the
fine materids will not be drawn down into the larger
pores of the coarse layers and a perched water table
will result. Flant roots will not penetrate this dryer,
sandy layer, and it may become saturated and ungable.

3.5.3 STOCKPILING TOPSOIL

If possible, topsoil should be hauled directly
from the harvesting site to the application site. This
maintains both the biologicd activity and the fertility
of the soil. However, if scheduling requires harvest
of topsoil many months (or years) ahead of the
application, congtruction of atopsoil stockpile may
be necessary. Literature from the western US
indicates that long-term stockpiling has a negative
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A SPECIFICATION FOR HARVESTING
AND STOCKPILING SOIL

Soil and mined materials to be left at final
grade for revegetation shall be moved only in
the air-dried condition. Topsoil shall be
harvested to the depth of the A horizon or to
15 cm depth, whichever is greater. Where
possible, topsoil materials should be hauled
directly from the harvest area to the final
application area. To maintain biological activity
during storage in a stockpile, the depth of the
pile should be less than the depth of plant root
growth (about 1 m for native plants).

A SPECIFICATION FOR TOPSOIL (Haynes,
personal communication)

Topsoil shall be obtained from sources within
the project as shown on the plans and in
conformance with the provisions in Section
19-2.07, “Selected Material,” and Section 20-
2.01, “Topsoil,” of the Standard Specifications
and these special provisions. Topsoil work
shall consist of excavating, windrowing or
stockpiling, removing from windrows or
stockpiles, spreading, and compacting
topsoil, as shown on the plans or as
designated by the Engineer.

Trash and objectionable material shall be
removed from sites prior to topsoil
excavation. Removed trash and objectionable
material shall be disposed of in conformance
with the provisions in Section 7-1.13,
“Disposal of Material Outside the Highway
Right of Way,” of the Standard Specifications.

Topsoil shall be obtained by excavating the
top 15 cm of material from proposed
excavation and embankment areas and other
areas shown on the plans or designated by
the Engineer. Topsoil shall be stockpiled
adjacent to the top of proposed excavation
slopes and adjacent to the toe of proposed
embankment slopes. When topsoil cannot be
stockpiled adjacent to the slope lines as
specified herein, excavated topsoil may be
stockpiled at other locations when approved
in writing by the Engineer. Rocks and plant
material in excess of 10 cm in greatest

dimension shall be removed from the
excavated topsoil.

Upon completion of the grading operations for
the excavation and embankment slopes and
other areas to receive topsoil, the topsoil shall
be spread to a uniform depth of not less than
15 cm and compacted or stabilized in a
manner that retains the material in place on
the slopes. The topsoil shall not be
compacted or stabilized to the degree that the
topsoil is not maintained as a viable growing
medium.

Attention is directed to “Erosion Control” of
these special provisions regarding the
application of erosion control materials.
Topsoil shall be placed on the designated
areas before erosion control materials are
applied.

A SPECIFICATION FOR SOIL NUTRIENT
SAMPLING

Soils from the impacted area shall be
collected from the 10-20 cm depth from each
of four soil pits representing a uniform area of
substrate (usually within a 3 x 3 m area) and
composited to form a single sample for
analysis. Four such composited samples
shall be taken from each region, topographic
unit, substrate type or management unit of the
site, including an undisturbed vegetated
reference site. Vegetated reference sites shall
also have the 0 - 2 cm as well as the 30 - 50
cm subsoil depths sampled and analyzed in
order to characterize target nutrient values
and solil characteristics.

Soil samples shall be sieved to <2 mm
particle size and coarse fragments (>2 mm)
shall be estimated as a fraction of the total
soil volume and used to correct amendment
rates later in the project. A total volume of 250
mL (1 cup) (or as requested by the analytical
lab) of the <2 mm material shall be collected
per soil sample. Soils shall be dried by air
within 2 days or by oven (< 40°C) after
collection. Soils shall be analyzed for
macronutrients, micronutrients, pH, CEC,
EC, SAR, and texture.
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effect on the microbid activity of asoil (Riveset d.
1980). In order to maintain the biologica activity,
the soil should not be piled deeper than the rooting
depth of the plant cover. In order to facilitate root
growth, the soil should be compacted aslittle as
possible (i.e, it should be moved or worked when
dry).

If the soil is stockpiled deeper than the rooting
depth of the plant cover, the energy supply for the
soil iscut off. The microbid activity in the soil will
steadily decline with time. Although the soil becomes
biologicaly inective, it dill mantains the many of the
textura characterigtics and nutrient levels from when
it was an active soil. In thisrespect, itisdill a
vauable revegetation resource; its biological activity
can be regenerated more easily than awhole soil can
be created from non-soil materid.

3.54 SAMPLING FOR NUTRIENT ANALYSIS
OF GROWTH MEDIA OR SOIL

Current practices and problemsin sampling are
reviewed by Dollhopf (2000). These sampling
practices are driven by the Surface Mining Control
and Reclamation Act of 1970 (SMCRA) require-
ment of a0 - 120 cm depth of substrate that is
suitable for plant growth. Montana, for example,
requires that regraded spoils are sampled every 0.4
ha from 1-120 and 120-240 in depth. In Wyoming,
samples from 76 to 304 m horizonta intervals are
collected from 0 - 60 cm, and 60 - 120 cm depths.
Berg (1978) recommends 5 - 25 samples per ha
Sampling schemes range from “random” (focusing
on areas of interest) to systematic (with defined
gpacing between samples). The overriding principle
for sampling soils for revegetation potentia isto
sample from the depth of the future rooting zone of
the target plant species.

Composgiting (combining multiple fidd samples
for asngle analyss) helps to average out heteroge-
neous mined materids, but it aso runsthe risk of
blending or “hiding” extreme soil conditions from
areas that will nonetheless cause problemsin the
fiedd. Berg (1978) points out that in very heteroge-
neous materids such as mined materids, the range
and digtribution of the materias are more important
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than the average, and variability arisng from minerd-
ogica “hot spots’ can be masked by mixing
subsamples collected from multiple locetions. A
compromise method isto sample at the scale of
individud plants (thet is, mix only samplesthat are
within 1-3 meters of each other), ancefetility or
toxicity conditions are dso averaged through the plant’s
performance.

To evauate the soil forming process or the effect
of amendments on plant growth, afield evauation
gpproach isto sample both from 0-2 cm in depth
and from 10-20 cm in depth. As revegetating soils
deveop, they accumulate litter and nutrients from the
surface downward. A sample from 0-2 cm can
indicate if nutrients are dowly reentering the soil.
Siteswith greater nutrient contents a the surface
may be interpreted as having recent fertilizer appli-
cation, which may not provide long term plant
growth. An enriched surface horizon may aso be
interpreted as having adequate litterfdl to start soil
development. Surface samples from 0-2 cm may
aso indicate accumulaions of sdts that will hinder
seedling germination and growth. The fertility of the
rooting zoneis best evauated by sampling in the
average rooting depth of approximately 10-20 cm
for herbaceous plants, or deeper for shrubs.

While evauation of the top 30 cm of soil may
reflect the plant’s minerd nutrient resource, soil
material at deeper horizons is necessary for
adequate water supply for plant growth, especidly in
the dry summer climate of Cdifornia Water budgets
are not currently available for many Mediterranean
wildlands plants, so rooting patterns of revegetated
or native reference communities should be com-
pared to the soil depths of the mine-impacted area.

To prepare the collected soil for andysis, it
should be seved to lessthan 2 mm, which isthe
chemicaly active particle size range (the fine earth
fraction). The greater than 2 mm fraction (the coarse
fraction), dong with an estimate of the large stones
in the field, can be used to reate the soil fertility
andysis data to the actua amount of fine earth
fraction on the Site to a given depth. For example, if
alime requirement is estimated at 15 tons per
thousand tons mined materia on afine earth fraction
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A SPECIFICATION FOR COMPOSTS
DERIVED FROM YARD WASTE (John
Haynes, personal communication, Claassen
1999)

Compost shall be derived from green material
consisting of chipped, shredded or ground
vegetation or clean processed recycled wood
products, or a Class A, exceptional quality
biosolids compost, as required by US EPA,
40 CFR, part 503c regulations, or a
combination of green material and biosolids
compost. The compost shall be processed or
completed to reduce weeds, seeds,
pathogens and deleterious material and shall
not contain paint, petroleum products,
herbicides, fungicides or other chemical
residues that would be harmful to plant or
animal life. Other deleterious material such as
plastic, glass, metal or rocks shall not exceed
0.1 percent by weight or volume. A minimum
internal temperature of 135 degrees F shall
be maintained for at least 15 continuous days
during the composting process. The compost
shall be thoroughly turned a minimum of five
times during the composting process, and
shall go through a minimum 90 days curing
period after the 15-day thermophilic compost
process has been completed. Compost shall
be screened through a minimum 1/4 inch
screen.

The moisture content of the compost shall not
exceed 35%. Moisture content shall be
determined by California Test 226. Compost
products with a higher moisture content may
be used provided the weight of the compost
is increased to equal compost with a
maximum moisture content of 35%.

Compost shall be tested for maturity/stability
with a Slovita Test Kit. The compost shall
measure a minimum of 6 on the Solvita
maturity/stability scale for direct seeding, but
may be lower if plant installation is delayed for
several months.

basis, but 50% of the soil to atarget depth is coarse,
non-reactive stones, the lime required to actualy
bring the surface soil to the desired pH is only haf
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the amount that would be needed if the whole soil
were of lessthan 2 mm sze.

Samples of the fine earth fractionare typicaly
tested on adry weight bass. Soil can beair dried
within afew days, or oven dried & lessthan 40 °C.
The drying processis known to dter nutrient avail-
ability to some extent, however. Minerdizable N
increases after drying while extractable P decreases.
These variations must be weighed againgt the cost
and difficulty of working with fresh, refrigerated
samples.

Compost incorporation should also be consd-
ered to improve infiltration. Coarse composts ripped
into alow-organic matter, clayey soil provided
excdlent infiltration through heavy fdl rainsin the
foothills of centrd Cdifornia

3.55 AMENDING

Amendments that are incorporated into the ol
include lime, gypsum, composts, and various
mulches. Lime (CaCQ,) isused to rasethe pH of a
s0il. Mogt native soils are in the range of pH 5.5
7.5. Soils with apH less than 6.0 are considered
acid, but it isthe soilswith apH less than 5.0 that
may be problematic. Low pH soils are usudly the
result of acid generation following mining or other
such activity, and are otherwise uncommon in
Cdifornia Theliming rate for an acid soil hasto be
determined based on the acid generating potentia of
the tallings or soil, a very ste-specific determination.
Gypsum (CaS0,) can correct acalcium deficiency
without adding additiond dkdinity. Gypsumisdso
commonly used to displace exchangeable Na from
sodic soils and replace it with Ca

Composts come in many forms, with commer-
cidly available composted steer manure, composted
sewage dudge, and municipa composts topping the
list. Foodlot manure composts are sdtier than dairy
manure compodts. Biosolidsare N and Prich. The
exact chemicd formulation of compost (with the
exception of the sawage dudge) is often not known
or disclosed. Composts are a great source of
organicsif asoil hasto be“built,” but on less
disturbed dtes they may provide too rich a source of
N and increase weed growth over natives. Compost
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incorporation should be consdered to improve
infiltration. Course composts ripped into alow-
organic métter, clayey soil provided excellent
infiltration through heavy fdl rainsin the foothills of
centrd Cdifornia

3.5.6 MULCHING

Mulches are gpplied only to the soil surface.
Many different materids are used for mulching, most
commonly straw, wood chips, and wood fiber
mulches. Y ard waste compost and pine needles are
increasingly used on roadway embankments.
Mulches are used in two ways.

1) as an organic additive to the soil surfaceto aid
s0il moisture retention and to control erosion, and 2)
asaphysca barrier to weed growth around indi-
vidud trees and shrubs. Mulch gpplication will be
covered in detail under Erosion Control (Section 4).
Although mulches reduce sedling from raindrop
impact, they do not increase infiltration except to
dow water flow off the Ste.

Straw mulches can be punched or crimped into
the soil, greeatly increasing the protection of the
surface from wind and water erosion. Straw mulches
are dso commonly blown onto the surface of the ol
and secured with atackifying agent or netting. While
this method does protect the site from erosion, the
mulch-soil contact is not as good as with punching
or crimping. Pine needles, which gpplied much like
graw, form ainterlocking network that ressts
movement by wind and traffic.

Wood fiber mulches are used in hydroseed-
hydromulching applications. Hydroseeding isa
process by which seed, fertilizer, and asmdl amount
of mulch (with or without a tackifying agent) are
sorayed onto the soil surface. Hydromulching is
smilar to hydroseeding, but lacks the seed and
usudly includes about two tons/acre of wood fiber
muich.

3.5.7 FERTILIZING

Fertilizer should not be added to a project
without avalid reason. Past methodologies pro-
moted by agricultura research suggested high rates
of nitrogen and phosphorus-rich fertilizers be added
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A SPECIFICATION FOR AMENDING

The substrate identified on the resoiling map
will be ripped to a depth of three feet and then
treated with compost and lime. This area will
be treated at the rate of 9 tons of lime per
acre (20 Mg/ha) and 50 cubic yards per acre
(42 Mg/ha) of compost. The lime amendment
shall be thoroughly mixed with the upper
three feet (90 cm) of substrate of the final
graded surface, which may necessitate
adding itin lifts. The compost amendment
shall then be applied and incorporated
uniformly into the top six inches (15 cm)with a
disk. The contractor’s representative shall
inspect during mixing to assure that the
substrate has been adequately mixed. The
area will then be revegetated according to the
plan.

to dl stes without regard to the actua need. More
recent research suggests that fertilizers should be
used sparingly.

Native Cdifornia plants are typicaly adapted to
drought conditions and low levels of available
nutrients in the topsoil. Adding fertilizer indiscrimi-
nately to a project utilizing native plants or seeking
the return of some native habitat will greatly increase
the competition with exotic weeds. Native perennid
plants grow more dowly than the exctic annua
grasses, therefore, only unwanted grasses and
weeds may benefit from the fertilizer. Only with
close attention to weed management can fertilizer be
added to perennia species on asite.

Commercid fertilizers conast mainly of nitrogen
(N), phosphorus (P), potassum (K), and sulfur (S);
the formulation of the fertilizer islisted onthe bag is
this order. Commercid fertilizers come in dow-
release formulations and fast-release formulations.
Fadt-rel ease fertilizers tend to encourage exotic
annua grasses and should not be used on native
plants. Sow-release fertilizers release the nutrients
over athree-month to two-year period of time and
are therefore better for use on native plants.
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Composted sewage dudge isinexpendve and
wastewater trestment plants are often looking for
ready recipients. Many issues are associated with
sewage dudge as an amendment. In previous
decades, the dudges contained some heavy metas,
which can inhibit growth. In experimentd trids,
sawage dudge was found to be high in available
nitrogen, causing increased growth by exotic species
compared to the more dow growing natives. Bui, if
used carefully and sparingly (nutrient relesse rates
should not exceed perennid plant nitrogen require-
ments), composted sewage dudge is il aviable
product for sterile substrates, such as mine wastes.
Projects using dudge should require an andyss
detailing pH, percent of solids, nutrients, and heavy
metals.

3.6 A Note on Serpentine Soils and
Mine Wastes

Many of Cdifornid s rehabilitation projects take
place on unusud parent materias such as serpentine
s0ils and mine wagtes, presenting a number of
challenges to the rehabilitation planner. Identifying
these chalenges at the onset of a project will help to
minimize expensve falures

3.6.1 SERPENTINE SOILS

The most vishle sgn of a serpentine soil isthat,
overdl, the vegetation sharply contrasts with that of
the surrounding non-serpentine area. Often the
Serpentine vegetation is more open, Smilar to
vegetation of higher dtitudes, of earlier successond
stages or more dense chappard. Serpentine soils
also support alarge number of rare species,
endemics, or plants with digunct distributions. While
only afew serpentine species require the serpentine
subgtrate, most of the species tolerate the serpentine
s0il and are poor competitors on less toxic soils.

Serpentine and ultramafic rocks (which for this
purpose are lumped) are hydrothermally atered,
often with high levels of heavy metds and alow
cacium/magnesium ratio—a toxic combination to
mogt plants. While many different soils arise from
serpentine and ultraméfic parent materias, some
generdizations often hold true. These soils are high
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in nicke, chromium, cobdlt, iron, and magnesum
and low in molybdenum, nitrogen, potassum,
phosphorus, and calcium. The effect of high levels of
metals on plants is determined by the soil texture,
pH, chemical dtatus of the metal, and the degree to
which their toxicity is modified by the presence of
other dements. Calcium, in addition to being a
meacronutrient, isa universd amdiorant. Magnesum
inhibits cacium uptake by plants and competes with
cacium for exchange Sites on the soil particles. A
low ratio of calcium to magnesum means that less
cacium will be available to the plant and less will be
avalable to amdiorate the toxicity of the heavy metds.
The high levds of metas decrease nitrogenHixing ability
of rhizobacterium, decrease the assmilation and
metabolism of nitrogen in the plant, and decrease the
trandocation of phosphorusto the leaves.

Unless an extensve program is undertaken to
change the chemistry of a serpentine site (through
the addition of cacium and fertilizers), the Ste-
indigenous species are the best choice for rehabilita-
tion of that Site. These plants are adapted to the
sressful soil environment, but tend to be very dow
growing; therefore, extra effort should be put into
erosion control messures.

3.6.2 MINE WASTES

Some of the problems associated with trying to
turn mine waste into a growth medium have been
touched on in the prior sections. Mine wastes can be
inhospitable to plants because of the poor qudity
physicd “soil” characteridtics. Thet is, they typicaly
are often coarse in texture, which increases drought
stress, and lack fines, which are necessary for ion
exchange. Mine wastes typicdly lack any type of
soil structure, which can lead to long-term compac-
tion problems. Mine wastes may be darker in color
than a native s0il, which increases soil temperature
on a barren subgtrate, or nearly white in color, which
increases reflection of solar energy. A sgnificant
increase in Soil temperature during summer months
or anincrease in reflectivity may burn young
plantings. Many of the above physica shortcomings
of mine waste can be treated by the addition of
organic matter and surface mulches.
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Chemicdly, mine wastes may be inhospitable
because they lack CEC, organic matter, and essen-
tid nutrients, and because they have either ahigh
(akaine) or low (acid) pH. The wastes may aso be
sgnificantly higher in metds. The interaction between
pH and the availability of metas was discussed
previoudy. All these issues will impact the ability of
the growth media to provide nutrients to the plants.
Adjusting the pH of the substrate with lime (if acid),
or elementd sulfur (if dkaine), and amending with
organic matter and fertilizers are common treatments
for the above subdrate aillments.

Perhaps the most difficult property to mimicis
the native soil biology. Mine wadtes are usudly
devoid of soil macro-organisms and the essentia
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microorganisms. Various projects have tried inocu-
lating the sterile wastes by adding a veneer of topsoil
(assumed to be teeming with life) or by adding a
spoonful of topsoil into planting holes. The results
from smply adding topsoil to planting holes has
produced mixed results on mine gtesin Cdifornia
Some researchers have collected ste-gpecific
mycorrhizae fungi and increased it in the lab to use
as an inoculum in the field. Commercid mycorrhizal
inoculum is dso available and has been used in
Cdifornia

No matter the techniques used to build a soil
from amine wadtg, it is chegper to stockpile and
respread the ndtive topsoil, if it isavailable,
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4.0 SLOPE PROTECTION AND EROSION CONTROL

An entire book could be written on just this one
topic; as amatter of fact several excellent books
exist on dope protection and eroson and sediment
control: Goldman et &. 1986, Association of Bay
Area Governments (ABAG) 1995, and McCullah
1994. Sample specifications, guiddines and CAD-
reedy drawings are available from Salix Applied
Earthcare at www.erosiondraw.com. Therefore,
the trestment of this topic will be somewnhat limited
in scope in this book, which concentrates on

revegetation.

On undisturbed sites, vegetation prevents
waterborne erosion by intercepting raindrops and
disspating their erosve energy. The aggregate
dructure of an undisturbed soil dso dlowsfor rgpid
infiltration. Whét little surface flow occursis dowed
by vegetation. Vegetation aso stops windborne
erogon by intercepting and dowing the wind at the
soil surface: more than 90% of the windborne soil
eroson occurs below a height of one foot, and 50%
occurs within two inches above the soil surface.
Erosion control measures work by mimicking these
agpects of undisturbed systems: intercepting rain-
drops, increasing infiltration, and disspating energy
of surface-water flows and of surface winds.

Vegetation' s ability to reduce the force of
randrops and physcdly stabilize the soil is often the
judtification behind many revegetation projects; that
is, the vegetation is purely for erosion control. Short-
term erosion control commonly includes only quick-
growing, shalow-rooted annual grasses. In order for
vegetation to perform this function on along-term
basis, the plant paette should contain a mixture of
perennia species with different rooting srategies
(shdlow, deep, tap, fibrous). Perennia speciestend
to be dow growing and take at least one to two
yearsto provide dope protection. During the initid
years of the projett, it islikdly that bare dopes and soils
will be exposed to raindrop impact. Therefore, most
projects need to address the issue of eroson and dope
protection, both in the short-term and long-term.

Erosion and sediment control measures that
don't involve vegetation have a designed life expect-
ancy. As an example, short-term (one or two years)
messures include various mulches and tackifiers, and
long-term measures include sediment basins and
check dams. Either long-term or short-term, these
measures are not designed to last in perpetuity,
unlessthey are congtantly maintained. Therefore, the
monitoring and maintenance of the control structures
should be addressed in al plans.

4.1 Grading Considerations

As previoudy stressed, the best erosion control
messure isto avoid disturbing an area. Smilarly, the
project should avoid disturbing steep, unstable areas
or creating such areas as an end god. Since these
cautions cannot aways be heeded, many excellent
references, including the Universa Building Code,
are available on desgning stable dopes that will
minimize the erosion potentia of the resulting Ste. An
in-depth discussion of grading is beyond the scope
of this book; however, some basic guidelines are
needed to adequately address erosion control.

Soil erosion can be reduced on disturbed lands
in saverd ways by:

o creating stable dopes,

* udng existing contours (or reestablishing
origina basin topography),

* udng exiging drainages (or reestablishing
origind drainages),

* minimizing dope length and stegpness
(3:1 H:V, or gentler),

* diverting updope drainages and surface
flows away from exposed dopes, and

* creating a roughened seedbed.

The equipment and labor costs of recontouring
are often one of the most expensive aspects of a
rehabilitation plan. Any intact vegetation (and the
soilsthat support it) that need not be removed to
meet the gods of the project should be left undis-
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turbed. The grading plan should specificaly depict
areas where vegetation isto be retained, and these
areas will need to be delineated on the ground.

Steep dopes cause drought stress, decrease the
amount of organics entering the soil (instead of
decomposing in place, the organics move off the
ste), and cause doughing of the topsoil. Failureson
unstable dopes can sheer off the roots of the vegeta
tion. The Site's eroson potentid is determined, in
large part, by steepness and dope length. In generd,
dopes should be 3:1 (H:V) or gentler for revegeta-
tion purposes. Steegper dopes of between 2:1 (H:V)
and 3:1 (H:V) can be revegetated but greater
attention will need to be paid to erosion control, and
planting methods may need to be dightly more
intensve. Sopes steeper than 2:1 (H:V) can till be
revegetated, but erosion control measures and
intensve planting measures will increase cods. In
addition, the expected success rates (measured as
vegetative cover or dengity) will be lower on these
steep dopes. 100 feet; often it is effective to include
benches on long dopes. The rehakilitation specidist
should aso congder the costs and benefits of laying
back the dopes to a more reasonable angle and re-
edtablishing drainages to origind contours following
the congtruction (or mining) project. Of course, Site
condraints or costs may make regrading impossible.

Re-established drainages will need to be ar-
mored and the dopes revegetated to protect them
from eroson and scouring. When drainages are
being re-established, some type of stabilizing struc-
ture may be necessary, such asacheck dam,
gabbions, geotextiles, or, preferably, abiotechnicd
gructure.

Grading practices on mine Stes tend to create
smooth, finished dopes, which are not conducive to
plant growth and tend to exacerbate soil erosion.
The final dope should present a roughened seedbed.
That is, the ste should have irregularities on it. For
example, micro-caichments (small horizonta basing)
provide a more favorable microclimate for germina:
tion and growth, and ad infiltration. Another method
for adding roughness to afinal dopeisto “track-
walk” the dope with adozer. Care needs to be
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A SPECIFICATION FOR PROTECTION OF
EXTANT VEGETATION

The contractor shall mark in the field with
highly visible protective fencing or other
suitable barriers those areas that are to be
preserved, as outlined on the site plan.
Protective fencing will be placed no closer
than 10 feet out from the dripline of any trees
or shrubs to be retained. Prior to the
beginning of grading, the department’s
representative will walk the project site,
check on the locations of the setbacks, and
discuss any additional setback requirement.

Setback 10' from dripline of the tree.

taken not to compact the substrate and the
trackwalking has to be done pardld to thefdl of the
dope (Photo 4.1a); otherwiserills will be crested
(Photo 4.1b). For relatively flat areas, pitting or
imprinting has proven to be beneficid in arid regions
(Photo 4.1c). Rocks should be retained on the site to
provide microclimates.

4.2 Techniques to Control
Erosion and Sediment

Erosion control is the process of keeping the
s0il from moving. Erosion control measures generaly
include actions taken to dow water down, such as
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breaks in dopes, interceptor drains, and energy
disspaters, and actions that treet the surface of the
s0il so that it will intercept raindrops and increase
infiltration, such as mulches and soil amendments.
On the other hand, sediment control is the process
of retaining on aste soils and fines that have dready
been displaced. Sediment control methods include
sediment basins, check dams, and silt fences.

4.2.1 MULCHES

Common materids for mulch include straw,
wood chips, wood fiber, pine needles, duff, and
other crop residues. Mulches work by intercepting
randrops, increasing infiltration, and dowing surface
wind and water flows. Most mulches provide only
temporary cover and consist of living or dead
materid placed on top of the soil. The main criterion
for successful mulch inddlation is that the mulch
MUST have intimate contact with the soil.

Straw mulch can be sprayed onto asope and
then ether glued down with atackifier, tacked down
beneath anet, or crimped or punched (Photo 4.2.8)

Photo 4.1a: Trackwalking correctly implemented.
Trackwalking parallel to the fall of the slope creates
a favorable growing environment, and also
intercepts surface flows, which decreases erosion.
Photo courtesy of Land Restoration Associates.

Photo 4.1b: Trackwalking incorrectly implemented.
Trackwalking perpendicular to the fall of the slope
(or on contour) does not improve the growing
environment. It also favors rill formation, which Photo 4.1c: Imprinter. Imprinting creates favorable
increases erosion. microclimates. Photo courtesy of Bob Dixon.
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into asite. Straw mulches are usudly applied a a
rate of two or three tons per acre (often in two
separate gpplications, alowing for seeding between
gpplications) for eroson control purposes. Higher
rates, such asfour tons per acre, have been used
with success on sandy substrates. High gpplications
rates of any mulch, induding straw, may necessitate
the addition of nitrogen (gpproximately 50 pounds
per acre) to overcome microbia immobilization of
nitrogen during decomposition of the mulch. Also,
thick mulches may depress seed germinaion. In
practice, a punched straw mulch is one of the most
effective means for controlling erosion. The action of
punching the straw forms a favorable microclimate
for germination and leaves straw stems gticking up
out of the subgtrate, which most closely mimicsthe
action of live vegetation for intercepting surface
wind and water flows. However, punching straw
into asubdrate is limited by dope angle; usudly a
dope can be no steeper than 3:1 (H:V). Steeper
dopes have been treated by winching the punching
roller up and down the dope.

Wood fiber mulches are often sprayed onto a
dope either done or as part of a hydroseed-
hydromulch operation (Photo 4.2.1b). The effec-
tiveness of awood fiber mulch isdirectly related to
the fiber length, the gentleness of the dope, and the
drength of the tackifier used to glueit in place.

Photo 4.2.1a: Straw is punched into the substrate
after spreading.
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A SPECIFICATION FOR RICE STRAW
MULCH

Clean rice straw, free of noxious weeds, shall
be used on the site. Barley, wheat, or rye
straw is not acceptable. The Contractor shall
furnish evidence that clearance has been
obtained from the County Agricultural
Commissioner, as required by law, before
straw obtained from outside the county in
which it is to be used is delivered to the site.

Following the construction of the slopes and
prior to the onset of the growing season, the
unvegetated substrates will be exposed to
erosion; therefore a straw punch will be used
to temporarily stabilize this substrate. Rice
straw will only be applied to upland areas, out
of the floodplain of the creek.

Straw shall be uniformly spread in the areas
specified in the Plans and at the rates
specified herein. When weather conditions
are suitable, straw may be pneumatically
applied by means of equipment that will not
render the straw unsuitable for incorporation
into the soil. Straw shall be incorporated into
the soil with a roller equipped with straight
studs, made of approximately 7/8 inch steel
plate, placed approximately eight inches
apart and staggered. The studs shall not be
less than six inches long nor more than six
inches wide and shall be of such weight as to
incorporate the straw sufficiently into the soill
so that the straw will not support combustion.

The straw will be applied in two applications,
each of 1 ton per acre. The first application
will be punched or crimped into the site at 1
ton per acre. Seeding with the mix defined in
the plan will follow the punching of the first
straw application. After seeding, the final
straw application will be punched or crimped
into the site at a rate of 1 ton per acre.
Containerized plants will be installed in holes
augured to the appropriate depth following the
final straw application.
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A SPECIFICATION FOR WOOD FIBER
MULCH

Unless otherwise specified, fiber shall be
produced from non-recycled wood such as
wood chips or similar wood materials and
shall not be produced from sawdust or from
paper, cardboard, or other such materials.
Fiber shall be of such character that the fiber
will disperse into a uniform slurry when mixed
with water. Water content of the fiber before
mixing into a slurry shall not exceed 15
percent of the dry weight of the fiber.
Commercially packaged fiber shall have the
moisture content of the fiber marked on the
package. Fiber shall be colored to contrast
with the area on which the fiber is to be
applied and shall be nontoxic to plant or
animal life. Mulch shall be wood cellulose
fiber as manufactured by Weyerhaeuser
Company, Comweb Corporation, or equal.

The mulch will be applied hydraulically to the
site in one application of 1500 pounds per
acre. The mulch will be applied evenly over
the site. Special care will be taken to prevent
the slurry from being sprayed onto rocks and
concrete structures. (Hydromul-ching is
usually preceded by hydroseeding, which is
discussed in

Section 5.)

Wood chip mulches, derived from on-site or
off-site materials, can also be used for
mulching. However, additional nitrogen may
need to be added to the substrate to “feed”
the microorganisms that decompose the
wood chips. If on-site material is to be
chipped, wood from species with allelopathic
materials (toxic chemicals found in some
plants), such as Eucalyptus (Eucalyptus spp.)
and California Bay (Umbellularia californica),
should not be used. Chips from such species
may inhibit germination of other species.
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Photo 4.2.1b: A hydromulch slurry can be applied to
steep slopes, where access permits.

Application rates for wood fiber mulch are usudly a
minimum of 1500 pounds per acre for flat areas and
2000 pounds per acre on steep dopes. An advan-
tage of hydomulching with wood fibers over spray-
ing straw is that hydromulch can be sprayed farther
onto inaccessible areas and steep dopes with ahigh
degree of precison.

All mulches should be certified free of noxious
weed and toxic substances. Unfortunately, straw
mulches, even those certified, may till contain seeds
of unwanted species. To be certain of minimizing the
impact of these weeds on arevegetation Site, straw
should be sdlected that comes from the opposite
environment of the project Ste. That is, rice straw (a
wetland species) should be used on dryland/upland
applications and dryland straws (barley, oats, whedt,
etc.) should be used on wetland gpplications. Rice
straw has the added advantage that volunteer weed
dengties are lower under rice straw mulch covers
than under wheset straw or native grass mulch
(Brown et &. 2000). Rice straw is also often pre-
ferred over whest or barley straw becauserice
straw has a higher silica content than the other
straws and, therefore, degrades more Sowly. Barley
and oat straws are more fire tolerant and may be
preferable in areas prone to wildfires. Native grass
hay is aso becoming available, and the seed con-
taned in it may be of vaue on a project. Although,
mulches reduce raindrop impact eroson, they only
increase infiltration by dowing water flow behind
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A SPECIFICATION FOR PINE NEEDLE
MULCH (Hogan 1999)

Mulch will consist of pine needles and
associated duff material. Pine needles will
contain no more than 15% impurities such as
pine cones, twigs, or other woody organic
material. Garbage shall represent no more
than 0.5% of the total volume. Mulch shall
contain no more than 1% by volume mineral
soil and no more than 10% decomposed
organic matter. The needle length of the
material shall be as follows: 25% to be less
than 1 inch in length; 50% to be between 1
inch and 3 inches; 25% to be greater than 3
inches. Mulch shall be tackified following
application per the manufacturer’s
recommendations.

Pine mulch shall be applied by pneumatic
application equipment (blower) in order to
attain the greatest mulch-surface contact.
Pine mulch shall be applied to a uniform
thickness of 1.5 inches to the entire project
area as delineated in the plans.

A SPECIFICATION FOR DUFF
APPLICATION (John Haynes, personal
communication)

This work shall consist of excavating,
stockpiling, removing from stockpiles,
spreading, and compacting duff in
conformance with these special provisions.
Duff shall consist of a mixture of existing
decomposed, chopped, broken or chipped
plant material, leaves, grasses, weeds, and
other plant material excavated from areas
within the project limits. Existing shrubs and
other small plants shall be incorporated into
the duff by discing, or by other methods that
will break or chop the material into particles
not greater than 150 mm in greatest
dimension.

When duff is to be excavated to a specified
depth, duff may consist of plant material and
soil. Rocks and plant material in excess of
150 mm in greatest dimension shall be
removed from the excavated duff. Trash and

objectionable material shall be removed from
duff excavation sites prior to duff excavation.
The trash and objection-able material shall be
removed and disposed of outside the
highway right of way in conformance with the
provisions in Section 7-1.13, “Disposal of
Material Outside the Highway Right of Way,”
of the Standard Specifications.

Areas of duff excavation shall be shown on
the plans.

Duff shall be obtained by excavating the top
10 cm of existing material from proposed
excavation and embankment areas and other
areas designated on the plans. Duff shall be
stockpiled along the top of proposed
excavation slopes and along the toe of
proposed embankment slopes. When duff
cannot be stockpiled outside the slope lines
as specified herein, excavated duff material
may be stockpiled at other locations when
designated by the Engineer.

Areas to receive duff excavation shall be
shown on the plans. Upon completion of the
grading operations for the excavation and
embankment slopes and other areas to
receive duff, the duff shall be spread on the
areas designated to receive duff. Duff shall be
placed to a uniform depth of not less than 10
cm and shall be compacted or stabilized in a
manner that retains the material in place on
the slopes. Duff shall not be compacted or
stabilized to the degree that the duff is not
maintained as a viable growing medium.

Duff shall be placed on designated
excavation and embankment slopes prior to
applying erosion control materials. Erosion
control materials shall be furnished and
applied as specified in these special
provisions.
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A SPECIFICATION FOR SOIL STABILIZING
COMPOUND

Soll stabilizing compound shall be a
concentrated liquid chemical that forms a
plastic film upon drying and allows water and
air to penetrate. The film shall be
nonflammable and shall have an effective life
of at least two years. Soil stabilizing
compound shall be nontoxic to plant or animal
life. In the cured state, the stabilizing
compound shall not be re-emulsifiable. The
material shall be registered with and licensed
by the State

of California, Department of Food and
Agriculture, as an “auxiliary soil chemical.”
The soil stabilizer shall be a copolymer
emulsion consisting of at least 90% acrylic.
The acrylic emulsion shall be disbursed in
water. The solil stabilizing compound shall
include the constituent sodium silicate that
assists in creating a crust through the
cohesive bonding of the surface soil particles
to a depth sufficient to stabilize the soil
surface. Further, the compound shall contain
an anti-foaming agent, allowing said
compound to be mixed within a hydraulic
device without prohibitive foaming. When the
compound is mixed with water and applied to
the soil, it shall not change the pH factor of the
soil more than one tenth

of a pH unit. The compound shall contain a
color additive which will assist the applicator in
the uniform application of the product after
mixing with water and which will disappear
from the soil surface with 36 hours of
application.

The soil stabilizing compound shall be applied
to the slope at the rate and as specified in the
manufacturer’s specifications. The compound
shall be applied following all site work,
including straw punching, seeding and planting
of containerized species. Entry onto the site
shall be restricted after application.
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each straw or fiber. Soilswith infiltration limitations,
therefore, should also be subjected to ripping and
compost incorporation to improve soil porosity.

4.2.2 SOIL STABILIZING COMPOUNDS
(TACKIFIERS)

Soil gtabilizing compounds, dso known as
tackifers, work by chemicdly gluing a mulch or
subgtrate in place. Occasiondly, tackifers have
been used directly on the soil surface, but most often
these are used in conjunction with some type of
sraw or fiber mulch. Tackifers can be made from
asphalt, gum, and plastics, but they should be
proven to not be toxic to plant growth and to not
physicaly impede plant growth by sedling the soil
surface. Tackifers are mixed in awater solution and
hydraulicaly gpplied to the soil or mulch.

4.2.3 GRAVEL MULCH

In many arid areas, coarse fragments (gravel and
rocks), not plants, act as the agent preventing
eroson. Grave ismog effectivein protecting a site
from wind eroson in arid dimates where the ranfall
isinadequate for a dense stand of vegetation. The
grave intercepts the wind currents near the ol
surface, preventing the wind eroson of surface fines,
reducing the loss of soil water through evaporation
from the soil surface, and providing micro-tes
beneficia to plant reestablishment. The benefits
include the collection of seed and moisture and
providing shade and protection for direct sunlight
and desccating winds. To mimic this naturd phe-
nomenon, a sparse layer of gravel added to the
surface of arevegetation project can provide the
needed eroson control and give the plants a chance
to become established. The benefit of this trestment
was tested aongside more conventiond treatments
by Caudill (1989) and found to outperform most
traditiona mulches.

4.2.4 COVER CROPS

On arehabilitation project, cover crops are
usualy fast-growing, short-lived species (often
exotic grasses) grown on a Ste to provide shade and
cover to the desired plant species and to provide
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interim eroson control. The negative aspects of a
cover crop are that they compete with the desired
gpeciesfor light and nutrients, and many annud
grasses used for a cover crop have been shown to
persst and outcompete the desired species (Brown
et a. 1998). Sterile cover crops (e.g., Regreen, a
derile wheatgrass X wheat hybrid) may provide the
benefit of a cover crop, without the negative effects.
Regreen is designed to last two to three seasons, at
most. Punch straw, which avoids the introduction of
competing plants, can often mimic the erasion control
and shade of a cover crop.

4.2.5 EROSION CONTROL BLANKETS

Geotextiles include numerous products currently
on the market, such asfiber erosion control blan-
kets, jute netting, plastic netting, silt fences, etc.
These materias work by intercepting raindrops and
surface flows (wind and water) and by increasing
infiltration. They can be very effective when ingaled
correctly, but they also tend to be very expensive.
Incorrect ingtallation can render the products usaless
or even detrimentd. The ingtdlation method for
blankets and netting is very smilar.

For steep dopes or waterways, erosion control
blankets may be indispensable. Erosion control
blankets have severa benefits. They can

* increase s0il moisture retention,

reduce rainfdl impact on soils,

reduce the velocity of overland and in-
channd surface water runoff,

reduce the veocity of surface wind currents,

reduce soil loss, and

maintain soil sability until vegetation is
established.

Erosion control blankets must make intimate
contact with the soil surface, with adequate stapling
and appropriate overlap and trenching. It isvery
easy to inddl these materias incorrectly; therefore,
manufacturer’ s specifications need to be followed
closdy. Typicd ingdlation mistakesinclude lack of
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adequate blanket-to-soil contact, too few staples,
staples too short, incorrect or inadequate overlap
between blankets, and inadequate “keying” (trench-
ing and armoring) of top and toe of blanket into the
substrate. Some of the blankets available are so
thick that they reduce the amount of light reaching
the soil surface, thereby inhibiting germination of the
seeds undernesath the materid. It isimportant to
choose the correct blanket for the specific job and
follow indgdlation ingructions closdy.

4.2.6 SEDIMENT RETENTION STRUCTURES

Effort should firgt be put into sopping erosion.
However, since eroson can rarely be completely
controlled, the next step isto keep the eroded
materials from escgping the Site and entering water-
ways. Sediment controlsinvolve some type of
Structure to trap the sediment, and periodicaly this
sediment must be cleared from the structure to
maintain its designed capacity. The structures can be
asmple straw bae check dam or amore complex
Sedimentation basin. Under the Surface Mine and
Reclamation Act of 1975 (SMARA), the Cdifornia
Code of Regulations (CCR) requires that sedimen-
tation basins be designed to control, & a minimum,
the 20-year, 1-hour storm. The designed capacity of
abasin on non-mining projects is often regulated by
the permitting agency. Methods for designing
gtandard structures are found in Goldman et dl.
(1986), ABAG (1995), and McCullah (1994).

Biotechnical sediment controls have been used
in Europe for many decades, but have only recently
become common in the US. The structures are
meade from plant materid (in part or whally live). The
structures physicaly hold adope or soil in place and
take root and grow, increasing their effect on the
dope through time (rather than deteriorating, as do
sandard engineered structures). An excellent
reference for biotechnical dope protection measures
is Schiechtl (1980), and for in-stream biotechnica
sructures, Flog et d. (1994). A description of afew
of the more common sediment retention structures
follows; for information on other types of structures,
please refer to the aforementioned references.
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A SPECIFICATION FOR GRAVEL MULCH

On slopes gentler than 3:1 (H:V), angular
gravel, ranging in size from 0.5 to 6.0 inches,
will be spread on the exposed fines at a rate
that will provide not less than 20 percent
coverage and not more than 50 percent
coverage. On slopes between 3:1to 2:1,
angular gravel, ranging in size from 2.0 to 6.0
inches will be spread on the exposed fines at
a rate that will provide not less than 50
percent coverage and not more than 80
percent coverage. The gravel mulch will not
be spread until all seeding and planting has
been completed.

A SPECIFICATION FOR EROSION
CONTROL BLANKETS

The soils of the site are subject to erosion
when water is concentrated in a channel,
therefore, the reconstructed creekbanks will
need protection until the revegetation
treatments can fully protect the site. All
reconstructed creekbanks as identified on the
stream realignment plan shall be protected
with blankets installed according to the
manufacturer’s specifications.

An erosion control blanket specified for in
channel and heavy runoff conditions will be
used on the creek bottom. The blanket shall
be designed for high velocity runoff and be
made of long-lasting 100 percent coconut
fiber, with non-photodegradable netting, such
as American Green C125 or similar. On the
reconstructed creekbanks, a less durable
blanket will be used. The blanket should
contain no seeds and should be composed of
UV stabilized netting. The blanket should be
composed of 70 percent wheat straw and 30
percent coconut fiber, with long lasting UV
stabilized black netting on one side and
lightweight netting on the other side, such as
North American Green SC150 or equal.

Blankets shall be installed according to the
manufacturer’s specifications, following
mulching, seeding, and fertilizing, but before
the installation of cuttings. Blankets shalll
have good contact with the soil surface
throughout their length. For slope treatments,
installation shall begin at the top of the slope.
Installation for channel treatments shall begin
at the top of the channel. The beginning edge
of the blanket shall be buried in a 6 inch deep
trench, backfilled with compacted soil or
gravel, with an additional armoring of rocks
for the channel treatment. Blankets shall be
overlapped and stapled according to the
manufacturer’s specifications for the type of
blanket and treatment area.

A SPECIFICATION FOR PLASTIC
NETTING

The netting should be approximately 3/4 x 3/4
inch in rolls 15 feet wide or more. The plastic
netting to be used on the site must have a
minimum lifetime of 2 years under the high
radiation conditions of the site. The netting
shall be secured with 12-inch staples,
according to the manufacturer’s
specifications.
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EROSION CONTROL BLANKET
INSTALLATION

70 percent wheat straw
30 percent coconut fiber

100 percent coconut fiber N
blanket

1. Prepare soil before installing blankets,
including application of lime, fertilizer and
seed (step not shown).

2. Begin at the top of the channel by  anchoring
the blanket in a 6” deep x 6” wide
trench. Backfill and compact the trench after
sampling.

3. Roll center blanket in direction of water flow
on bottom of channel.

4. Place blankets end over end (shingle style)
with a 6” overlap. Use a double row of
staggered staples 4” apart to secure

blankets.

5. Full length edge of blankets must be anchored
in 6” deep x 6” wide trench. Backfill and
compact the trench after stapling.

6. Blankets on side slopes must be overlapped 4”
over the center blanket and stapled.

7. A staple check slot is required at 30 foot

intervals. Use a row of staples 4” apart over
the entire width of the channel. Place a
second row 4” below the first row in a
staggered pattern.

8. The terminal end of the blankets must be
anchored in a 6” wide trench. Backfill and
compact trench after stapling.

Secure the blankets with an additional 3-5
staples per square yard in a regular pattern.

Note: Horizontal staple spacing should be altered if

necessary to allow staples to secure the critical
points along the channel surface.

Reference: Modified from North American Green
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A SPECIFICATION FOR
STRAW BALE CHECK DAMS

Temporary straw bales will be used for
drainage control. Prior to recontouring and
respreading topsoil, straw bales will be
installed at the toe of the slope parallel to the
creek in the locations identified on the
resoiling plan. Sediment retention facilities will
be maintained so that fines or rocks do not
enter the creeks. Periodic removal of trapped
material shall be done so that the integrity
and strength of the bales are not diminished.
Straw bales shall be installed using standard
methods as depicted in the following figure.

The bales will be clean rice straw bales, free
of noxious weeds. Bales will be placed in a
shallow trench excavated four inches deep
for the width of the bale. Bales should be
installed on contour, with ends tightly abutted.
Baling wire should be oriented across the
sides of the bale rather than around it. They
will be secured with a piece of rebar driven
through the bales and into the soil a minimum
of 1.5 feet deep, on a minimum of 2 feet
intervals. Gaps between straw bales should
be filled with loose straw. The trench should
be backfilled with soil and compacted. The
downslope side of the trench should be level
with adjacent ground surface while that of the
uphill side filled approximately four inches
above grade.
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4.2.6.1 Straw Bale Check Dams

Straw bae check damswork by intercepting
surface flows and trgpping the sediment. They are
often used in place of st fences, largely because the
materids are readily available and less expensve.
Straw bae check dams (straw dikes), like st
fences, should only be used for low flow conditions.
The life expectancy of straw bae check dams
depends on the amount of moisture they intercept.
Bales commonly last about three months under wet
conditions and should be replaced if they sart to
disntegrate. They can be removed from the dope
once the area above the bales has stabilized.

4.2.6.2 Silt Fences

Silt fenceswork by intercepting and detaining
sediment on the site. Silt fences are made from
geotextiles that have low permeshility, thereby
dowing the water long enough for the fines to drop
out of the surface flows.They generdly have alower
permesbility than do straw bales, and so trap more
sediment; in addition, they lagt through multiple
seasons. Aswith straw bae check dams, silt fences
should be used for low flow conditions. Aswith all
sediment traps, St fences need to be maintained;
lack of maintenance can exacerbate erosion on a site
(Photo 4.2.6.2). Deposits behind the fences need to
be removed when filled to 1/2 of the height of the
fence or when the fence bulges from the weight of
the sediments.

STRAW BALE CHECK
DAM

Fill in gaps between bales with straw

Flow

ay

Backfill and compact soil around bales. Soil should
be at grade on downslope side of barrier and filled
approximately 4” higher on upslope side of barrier.

Place straw bales in trench excavated the
width of the bales and about 4” deep. Baling
wire should be oriented around sides of
bales.
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Photo 4.2.6.2: Silt fences causing erosion. Silt fences
have to be maintained in order to remain effective.

4.2.6.3 Straw Wattles

Straw wattles are based on the same principle as
straw bale check dams and st fences; that is, they
intercept and detain sediment. A sraw wattleisa
tube of netting suffed with straw, usudly rice straw.
Straw wattles are less expensve that Silt fences,
integrate into the landscape better than st fences,
and are more flexible than st fences. (Photo
4.2.6.3) Unlike st fences, straw wettles are built
not to last more than 2 years. They are an interim
control measure, and, as such, do not require the
remova of deposits. Aswith gt fencesthey are
trenched-in on contour.

A SPECIFICATION FOR SILT FENCES

Silt fences shall be made of 3 feet x 100 feet
woven polypropylene yarns with pockets 6
feet on center such as those manufactured
by Amoco. The silt fences shall meet or
exceed the following specifications:

Grab Tensile - 100 Ibs;

Grab Elongation - 15 percent;

Mullen Burst - 275 psi;

Trapezoidal Tear - 50 Ibs;

U V Resistance - 80 percent;

AQOS, US Sieve Number 30/40;

Permittivity - 90 gal/min/ft2.

Silt fences shall be installed per the
manufacturer’s specifications, including
trenching in the bottom of the fence 8 inches
deep and backfilling the trench with
compacted soil or gravel; an example is
included in the following figure. Periodic
removal of trapped material shall be done so
that the integrity and strength of the fencing is
not diminished.

5 .--_._L'_:// |
¥

LAY *{fﬁr I
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A SPECIFICATION FOR STRAW WATTLES

Straw wattles shall be manufactured from rice
straw and be wrapped in a tubular

black plastic netting such as those
manufactured by California Straw Works. The
netting shall have a strand thickness of 0.30
inch, a knot thickness of 0.055, and a weight
of 0.35 ounce per foot (each plus or minus 10
percent); they shall be made from 85 percent
high density polyethylene, 14 percent ethyl
vinyl acetate and 1 percent color for UV
inhibition. Straw wattle shall be nine inches in
diameter (plus or minus one inch), twenty-five
feet long (plus or minus 0.5 feet) and weigh
approximately 30 pounds (plus or minus 10
percent).

The soils and revegetated areas of the steep-
sided pit area are prone to erosion when
precipitation rates are high (during November
to March). Straw wattles will be installed
along contour on steep slopes after the
seeding and straw punch application, but
prior to the containerized plant installation.
The straw wattles shall be placed on
contours and staked with 3/4 X 1/2 X 24 inch
wood stakes at four foot on center. The ends
of the adjacent straw wattles shall be abutted
to each other snugly.

Photo 4.2.6.3: Straw wattles. Straw wattle installation
on contour at Gambonini Mercury Mine.
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4.2.6.4 Willow Wattles

Willow wettles are the most common type of
biotechnica erosion control measures used in the
western United States. They work best when live
materid isused, but dead materid can be incorpo-
rated as well. For best results, live but dormant
willow branches are cut and placed into compact,
linear bundles called wattles. These wattles are
interlaced, end to end, in trenches adong the contour
of the dope (Figure 4.2.6.4). The trenches are
backfilled with soil up to about 1/2 of the width of
the wattles. These wattles dow surface flows,
causing sediment to drop out, and can perform this
function whether dead or dive. However, if live
materid is used and survives (which requires ad-
equate summer moisture), then the wattle structure
takes root and grows stronger (and more dense)
with time, never needing to have the depodts re-
moved as with St fences. Willows are very adept at
transpiring large quantities of water, and therefore,
aso help to dry out smdl seepsin newly formed

dopes.

Figure 4.2.6.4: Placement and staking of willow
wattles on contour.
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4.2.6.5 Brushmattresses

Brushmattresses are usudly ingalled on creek
banks to prevent erosion when the creek floods.
Brushmattress materiad may be made from living or
dead plant materia or a combination of both;
however, the best results are achieved using as much
live materid as possble. If live materid isused,
brushmattresses are ingtdled while the plants are
dormant. In either case, straight branches at least 60
inches long work best. These are placed side by
sdeon adope, pardld to thefdl line, and secured
in place. In this pogtion, they dow water flow and
trap sediment. Aswith willow wettles, the
brushmattress may take root and become stronger
over time.

BRUSHMATTRESS DETAIL

Elevation Detail
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twist wires tight x| 7 |
;

— -~
k] e el O T
VoA 'I.- 1 i sy ! ,1" I -I|
i A L T T e )
e S ARt S o, et o
e ; LN oy . O
1 H I'-|'-I |I|'| I.' MB
W W% .-r .J | K c
e -.Il S
! I Il I| r"
Live willow R S5
cuttings -
2 :
I
i
Side View Topsoil -~
4k f .Id::r!
i e '/'""
ol pe
‘ /

Cobbles for toe ity - S
protection L
oy

=
e o . L
BT

Keyed into creekbed

A SPECIFICATION FOR
BRUSHMATTRESSES

Material from the clearing of the new
creekbed should be available for construct-
ion of this structure. Brushmattresses will be
constructed with branches placed closely
together on the ground to achieve compl-ete
cover. The butt ends of the branches will be
placed in the soil upslope. If the length of the
branches is not adequate to cover the entire
slope, the branches of the lower row(s) must
overlap the branches of the upper row(s) by
at least one foot. The brushmattress will be
tied to the ground with cross-laid branches
and wire in rows approximately 36 inches
apart, as depicted in the following figure. Live
or dead wooden pegs are driven into the
ground 24 to 36 inches apart and eight to 10
inches deep. The wires are tied to the pegs
and the pegs are then driven into the ground.
The increasing tension on the brush-mattress
ensures that the branches will lie firmly on the
ground.

The entire brushmattress will then be
covered lightly with one to two inches of
topsoil. Once the brushmattress is installed,
live willow cuttings will be planted through the
brushmattress on three-foot centers.
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5.0 PLANT MATERIALS: SELECTION, SOURCES, AND PLANTING

One of the most commonly asked questionsin
restoration is what plants should be sdlected for the
ste and how should they be planted. The following
information should help practitioners make the
decisonsthat will answer this question for a particu-
lar project Ste; however, it is not a cookbook of
seed mixes. Familiarity with the plants and ecosys-
tem of the Site and with generd principles of ecology
iscrucid to making good choices.

5.1 Selection of Species

The selection of gpeciesto be used on the Site
will largdy depend upon the gods of the project
and the gte's rehabilitation potential. There may
be special interest species (rare, endangered,
threatened, or game species) included in the dite
goals. Sdection of plant species begins with
determining the target vegetation type, its succes
sond daus, and the expected disturbance regime
of the gte (eg., trampling, grazing, burning).

For non-successiona or early successional
vegetation types (which are most common in
Cdifornia), the best method for determining the
gpecies to plant begins with a quantitative assess-
ment of intact habitat of the target vegetation
type. A representative site should be found that
has a setting amilar to the project ste (aspect,
elevation, soils, and hydrology), and the species
composition and abundance should be determined
through sampling. For mining projects, the pre-
project vegetation may provide the best compari-
son. The greater the number of species reintro-
duced to the dite, the greater the chance for
success. As a guiddine, a minimum of 30 percent
of the species should be reintroduced. The native
gpecies to be reintroduced should fdl into at least
one of the following groups:

1) dominant to abundant species (present in
30 percent or more of sample plots),

2) naturdly invasive species (as observed in
disturbed locations),

3) gpecies known to provide ample
quantities of viable seed,

4) species known to be easy to propagate,

5) uncommon species that rarely reinvade or
have dow growth rates and provide
vauable structure to the dte (eg., Joshua
trees (Yucca brevifolia)),

6) species known to provide habitat for a
target species,

7) aestheticdly pleasing species (e.g.,
Cdlifornia poppy (Eschscholzia
californica)), or

8) gpecid interest pecies, if part of the
project goals.

In addition, species in the mixture should
have different rooting strategies. In generd,
annua species have shdlow rooting syssems and
perennia species have deeper roots (Figure 5.1).
Roots of the chosen species will compete with each
other lessif they occupy different zonesin the soil.
Deep-rooting species should be part of any long-
term revegetation Strategy because they provide
good erosion control and can contribute to surficia
dope gability.

5.1.1 DETERMINING THE PLANT PALETTE

“Pant pdette’ isalandscaping term for the list
of speciesthat will be included in arevegetation
plan. This palette can be developed from the list of
species that formerly occupied the site or that grow
in areference Ste. For example, the followingisa
list of species (Table 5.1.1a) found on asmdl desert
stein the upper Mojave that receives approximately
sx inches of rain per year (DOC 1994). Using the
groups of desrable plant traitslisted in Section 5.1,
asubset of the plantsin thistable formed the plant
palette for restoration on that Ste.

Because thisis a desart Ste, emphasiswas
placed on using perennid species, because annuals
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provide little cover and eroson control for the
majority of the year. The most abundant species
were creosote bush and shadscale. Out of the
abundant to dominant shrub species, the following
are known to be naturaly invasive: cheese-bush,
burrobush, desert asylum, desert holly, and desert
mallow. Plants that produce abundant seed and are
relatively easy to propageate are cheese-bush,
burrobush, desert holly, and desert mallow. All
three cactus species listed can be transplanted, and
sance cacti are widdly spaced on this site and will
likely not reinvade very quickly, representative
specimens could be transplanted to the site. One of
the few annual speciesthat can aid in desart reveg-
etation iswoolly plantain because it is usudly
abundant, it is naturaly invasive, it provides cover, it
produces adequate seed, and it isrelatively easy to
grow. Based on al these considerations, our
gpeciesligt for reintroduction was creosote bush,
shadscale, cheese-bush, burrobush, desert asylum,
desert holly, desert mallow, the three cactus spe-
cies, and woally plantain, dl indicated with an
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agterisk in the table. The cacti were transplanted,
shadscae and |eather-leaved viguierawere grown in
containers and then planted on the Site, and the
remaining species were planted as seed. Red brome,
an invagive exoatic, was not included in the plant
paette. Reintroducing such an invasive species
would subvert the god of restoring a netive habitat.

By diversfying the species selection and the
propagule type, the chances of success are
greater, the diversty of the resulting ste is
greater, and the root systems of the selected
species are less likely to compete.

Appendix A provides suggestions and infor-
mation on species that are commonly used for
rehabilitation for each of the geographic subre-
gions of California These subregions are defined
in Figure 5.1.1 and generdly follow those of the
Jepson Manual (Hickman 1993). These tables are
intended to help the practitioner make decisions;
they should not be considered dl-inclusive or used
as arecipe for devising plant paettes.

1.0

05/
0.0
0.5
1.0
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20 |

metars

Figure 5.1: Rooting stratagies. Choose a diverse mixture of species whose roots will occupy

different areas of the soil.
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Table 5.1.1a: Caltrans Material Site Species List (DOC 1994)
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Scientific Name

Common Name

Notes

Larrea tridentata*

creosote bush

very dominant shrub

Atriplex confertifolia*

shadscale

very dominant shrub

Hymenoclea salsola*

cheese-bush

dominant shrub

Ambrosia dumosa*

burrobush

dominant shrub

Bebbia juncea var. aspera

sweetbush

dominant shrub

Viguiera reticulata

leather-leaved viguiera

dominant shrub

Lepidium fremontii*

desert asylum

dominant subshrub

Atriplex hymenolytra*

desert holly

dominant shrub

Sphaeralcea ambiguua*

desert mallow

dominant subshrub

Opuntia basilaris var. basilaris*

beavertail cactus

uncommon cactus

Echinocactus polycephalus*

cottontop cactus

uncommon cactus

Opuntia bigelovii*

teddy-bear cholla

uncommon cactus

Chaenactis stevioides

Esteve’s pincushion

common herb

Mirabilis bigelovii var. retrorsa

four-o’clock

common herb

Eriogonum inflatum

desert trumpet

common herb

Chorizanthe rigida

rigid spineflower

common herb

Bromus madritensis
ssp. rubens”

red brome

common grass

Plantago ovata*

woolly plantain

common herb

Erioneuron pulchellum

fluff grass

common herb

Phacelia crenulata

phacelia

common herb

Mimulus bigelovii

Bigelow mimulus

common herb

Linanthus demissus

linanthus

common herb

Camissonia cardiophylla
ssp. robusta

evening primrose

common herb

Monoptilon bellioides

desert star

common herb

Cryptantha pterocarpa,
C. angustifolia, C.echinella

forget-me-nots

common herbs

* Indicates included in plant palette; ~ indicates an invasive exotic that should not be used.
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*Geographic Subregions of California

Cascade Range (Cak)
Central Western Califcenia (CW)
U Great Central Valley (GV)

| GreatBasin Floristie Province (GBF)

Mojave Desert (D&a]}

Morthwestarn Casifornia (Wn)
Siera Nevada (SN)
Soathwester Callfoeris (SW)

Figure 5.1.1 Geographic subregions of California
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COLLECTING GUIDELINES

The following collection guidelines are
condensed and modified from Guinon (1992)
and can be used for most species; however,
these guidelines are not appropriate for
narrowly endemic species or rare and
endangered species.

1)

2)

3)

4)

Collect from sites closely related
ECOLOGICALLY to the rehabilitation
site. Collection need not be restricted
to project boundaries, but should be
restricted by ecological boundaries
(watershed, elevation, aspect, rainfall,
soil type, etc.). Some indication of the
genetic boundary of a species can be
gained from the pollination strategy of
the plant. The genes of a wind-
pollinated species will be more broadly
distributed than those of insect-
pollinated species.

Limit inbreeding potential. Collect
propagules from a large number
(50-100) of widely spaced (100 meters)
individuals, rather than from a few
close relatives, to limit inbreeding on
the rehabilitation site and to diversify
the gene pool. Once again, the
pollination strategy (e.g., wind or
insect) will help determine the needed
spacing of the donor plants.

Avoid genetically contaminated
sources. Donor plants growing in
proximity with closely related exotic
species (where genetic contamination
may have occurred) should be avoided.

Document the source. The geographic
origin of the material should be
documented and the material labeled
until installed on the rehabilitation

site.
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5.2 Plant Material Source

Many plant species comprise loca ecotypes that
are narrowly adapted to local climate and edaphic
conditions (Plummer et a. 1955, 1968). The plants
with the best chance of survival on aste are,
therefore, those ecotypes that are growing on (or
near) the ste (Millar and Libby 1989). Nonlocal
plants, even of the same species, may not prosper
on the site. They may dso contaminate the loca
gene pool. The results of interbreeding between
nonlocal and wild loca native stock can be adverse
and permanent.

If native plants are used, the best policy isto
collect plant materids from on or near the Ste.
Therefore, plant materias for each of the desig-
nated species should be obtained from the same
region as the project ste. Some generd guide-
lines are that the seed should be collected within
the same watershed as the project ste, within 500
vertical feet of the devation of the ste, on the

same aspect and soil type, €etc.

In addition, a geneticaly diverse collection of
the local ecotype will increase the likelihood of
success of the rehabilitation project. With this
principle in mind, the forest nursery profession
has developed seed zones for the collection of
seed of commercid tree species (Figure 5.2). The
development of these seed zones required de-
cades of research on a very limited number of
species. Unfortunately, this type of data doesn't
exig for the remaining thousands of Cdifornia
native plants. Until such data become available, the
guiddines devdoped by Guinon (1992) are com-
monly used on revegeation Stes in Cdifornia

A good reference for suppliers of seed and
people who will custom collect seed for a project
isNursery Sources for California Native Plants
(DOC 1995). This publication lists over 1400
taxa and the nurseries that supply each taxon. If
native plant seed is obtained from a supplier, the
seed should have been collected from, or grown
out from, a seed source as close to the project site
aspossible.
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California Tree Seed
Zone Map

Figure 5.2: California tree seed zone map.



A SPECIFICATION FOR PLANT
PROCUREMENT

Plant materials for the specified species shall
be obtained from similar soils and from the
same region as the mine site. For purposes
of this revegetation effort, the collection
region will be defined as Foothill Pine-Oak
Woodland natural community and non-native
annual grassland that occurs south of State
Route 20, north of Camp Far West Reservoir,
and within the Bear Creek Watershed, on
soils with a pH less than 6.0, and at an
elevation between 200 and 700 feet. Seeds
obtained from commercial suppliers will arrive
at the site in manufacturers’ wrapping with
seed tag intact. Seed tag to be removed by
the County Representative. All plant
substitutions require a written approval from
the County Representative.

5.3 Selection of PropaguleType

Whether a speciesisreintroduced to the Site as
a seed, cutting, or containerized plant depends on
climate, species and gods. Seeding isusudly easier
and cheaper than using cuttings or greenhouse-
grown plants, and, therefore, is desirable when
feadble. However, it isimportant to kegp in mind
that the germination phase of aplant isits most
vulnerable phase. If the Steis unusudly sressful, i.e,
too dry, too wet, too acidic, too alkaine, etc., then
more emphass should be placed on using cuttings
and containerized plants, thereby bypassng the
germination phase. In genera, seeding should not be
used in the low deserts, because the probability of
successis very low in areas with annud rainfdls of
less than six inches per year. Juhren et d. (1956)
showed that in the Joshua Tree Nationd Monument
desert of Cdifornia, 0.2-0.6 inches (5.2-15mm) is
the minimum amount of rain during the autumn
required for the germination of winter annuds. The
argument can be made that seed sown in low
deserts (without adequiate rainfdl) will remain
dormant until afavorable year, and therefore, should
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till be considered. Seed predation and wind erosion
are the arguments againg this * seeds will wait until
the water comes’ scenario. Some suggestions for
propagule type are included in Appendix A: Species
commonly used in rehabilitetion.

Some species are known to be difficult to grow
from seed and are best grown in agreenhousein
containers from cuttings or from seeds and then
trangplanted to the Ste. For example, among the
desert speciesin Table 5.1.1a, both shadscale and
leather-leaved viguiera are difficult to grow from
seed and are best introduced to the Site after having
been grown in containers. Willows grow readily
from cuttings, making seeding not worth the effort.
Many aguatic species, e.g., cattails (Typha spp.),
sedges (Carex spp.), rushes (Juncus spp.), and
pickleweed (Salicornia spp.), grow readily from
stem or root cuttings. Some species, e.g., satgrass
(Distichilis spicata) and dunegrass (Leymus
mollis), produce little viable seed and are best
grown from cuttings or plugs. Obvioudy, some
familiarity with the life cyde and ecology of the
desired species will help in making these decisions.
The availability of seeds or plant materiaswill dso
determine the choice of propagule.

At times, project gods may determinethe
propagule type and container size. For example,
if the project requires replacement of Least Bdl's
Vireo neding hebitat within five years then large
containerized trees (5 to 10 gdlons) may be neces-
ay.

5.3.1 SEED COLLECTION AND TREATMENT

The project planning and scheduling needs to
include time for collection or procurement of the
seeds. Seeds may need to be collected from the
wild for the native seed mix, requiring at least
one year lead-time. For deserts, adequate seed set
may happen only after favorable years (rainy),
which happens, on average, once every ten years.
If plants are to be grown out in the nursery from the
seed, then seed collection will need to precede the
scheduled planting date by at least one year, with
some species (e.g., Arctostaphylos spp.) needing at
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least two years. A good article on the issues associ-
atedwithseedod | ecti ani Blative Seed Collection,
Processing and Soragefor Revegetation Projects
inthe Western U.S (Lippett et d. 1994). Another
excdlent reference for seed trestment is Seed Propa-
gation of Native California Plants (Emery 1989).

5.3.1.1 Seed Collection

Thetiming of seed collection is critical. Seed has
to be collected when it is ripe and before it fals from
the plant, rots, or is eaten. Seeds of native plants
don't usudly dl ripen a once. Therefore, the
collector hasto vidt the plants, take samples, decide
when the grestest quantity of seed is mature, and
then collect. This process usudly takes more than
one vigt to the collection Site. In addition, the seed
quaity may vary between stands and between years.
Westher can d 0 affect seed availahility; such as, seed
collection following wind or raingorms should be
avoided, because sorms tend to digperse the seeds.
Given dl these posshilities it is often reasonable and
necessary to plan to collect seeds over more than one
YeR.

If asmdl quantity of seed is needed, as with
most projects, seed can be collected by hand. Large
quantities of seed can be collected using a vacuum
harvester, a mower with a catch bag, or other
harvesting equipment. A large project will demand a
large quantity of seed, necessitating collection on
government lands, which will require a seed collec-
tion permit.
5.3.1.2 Drying and Cleaning

Once harvested, the seed should be immediatdy
dried, cleaned and stored appropriately. Seed can
be dried in an oven with just a pilot light on, in the
sun, or in adehydrator or drier. Drying the seed is
necessary to reduce the chances of fungd infestation
and to facilitate cleaning. ldedly, seed should be
dried to gpproximately 7 percent moisture.

Seeds should aso be cleaned in order to
accurately messure the amount of seed to be placed
on the gte, to diminish the possibility of contamina:
tion with weed species, and to minimize the chances
of fungd or insect infestation. Cleaning entails
removing the seed from the sems and chaff. De-
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pending on the species, the desirable end product
can be pure seed or seed Hill encased in the calyx or
protective shell. Cleaning tools may include fine
sandpaper, to separate the seed from the chaff and
cayx, and adanted board to separate by gravity the
heavier materid (seed, sand, and rocks) from the
lighter chaff. Often, seed can be separated from the
heavier and larger materid using appropriately szed
screens. If alarge quantity of seed isbeing cleaned,
aseed cleaner with a series of screens and a blower
may be worth the investment. A quick internet
search will result in many different modes (try
www.huntsmaninc.com, www.oil seed.com, or
www.mueller-trade.com).

5.3.1.3 Seed Storage

Oncethe seed isdried and cleaned, it may need
to be stored until required for planting. Seeds
deteriorate through time, but with proper sorage this
effect can be minimized. The two most important
factors affecting longevity of stored seed are seed
moisture content and seed temperature. Seeds will
last longest if stored a low humidity just above
freezing (40°F). Seeds should be dried as quickly as
possible to below 14 percent seed moisture and
should be kept below thisthreshold at dl times.
Seeds dried below 4-5 percent moisture deteriorate
fagter; therefore, optimum seed moisture is probably
6-7 percent for most species. Storage below
freezing temperatures subjects the embryo to ice
crystal damage if the seed moisture is above the 6-7
percent level. Therefore, to be more conservative
(jugt in case moidure is a little high in the seed),
storage at about 40°F (0-5°C) is optimal. It is
imperative that the seeds be stored in moisture
proof containers to prevent rot and to keep the
seed from imbibing moisture and bresking dor-
mancy.

These storage recommendations will achieve
the best results for most species; however, for
some projects, these methods may not be achiev-
able (remote location, lack of facilities, budget).
The main message is to get the seeds dry and store
theminacoadl, dry place. Any deviation from these
recommendations will decrease the viahility of the
seed.
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Seeds stored at low temperatures and humidity
are usudly safe from disease and insect predation;
however, in circumstances where storage conditions
are not optimum, measures to protect the seed from
fungi and insects may need to be taken. Dusdting the
seeds with afungicide, such as captan, that will not
damage the germinating embryo can be helpful
during storage. However, this fungicide will remainin
proximity with the seed during sowing and may
inhibit growth of beneficid mycorrhizal fungus. The
containers used to sore the seeds should dso be
rodent and bird proof.

5.3.1.4 Evaluating Seed Viability

In order to determine the seeding rate, the
viability of the seed lot needs to be determined,
especidly if the storage conditions have not been
idedl. For some species, viability can be deter-
mined by seed color, shape, and weight. Separat-
ing seed by weight will rid the collection of
empty fruits and/or inferior embryos. Viable seed
can aso be determined by x-ray. These methods are
al non-dedtructive. Dediructive, but definitive,
methods include grow-out experiments, where a
sub-sample of the seed is germinated, and tetrazolim
ganing, which shows differences in color between
normal, week, and dead embryo tissues. Seed
testing can dso be done by the L.A. Moran Center,
Cdifornia Department of Forestry and Fre Protec-
tion, in Davis, Cdifornia

Once the percent viability of seeds is edti-
mated, seeding rates can be calculated (see
Section 5.4.1).
5.3.1.5 Seed Pre-treatment for Germination

Germination begins with the seed imbibing
water, but many species of native perennias
require some type of seed pre-treatment for germi-
nation to occur. Seeds can have aphysica (hard
seed coat) or chemical (embryo dormancy) barrier
to imbibing water, which has to be overcome before
germination begins. Germination in many speciesis
related to light exposure. In some, light triggers
germingtion, while in others light suppresses germi-
nation. Some species have a particular light require-
ment, such as exposure to red light, which is the type
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of light that isfiltered through tree leaves and eventu-
aly reaches the forest floor.

Standard methods for overcoming seed coat
dormancy include scarification (scratching the
seed coat—such as with sand paper or acid),
gratification (placing the seeds between moist
paper a low temperatures), soaking ether in cold
water or hot water, chilling, exposure to eevated
temperatures, exposure to a certain type of light
(white versus red), exposure to a specific dura-
tion of light, fluctuating temperature, chemical
treatments, or any combination of these. Chemi-
cad dormancy in some species with a light re-
quirement can adso be overcome with gibberdlic
acid and kinetin. Leaching an inhibitor out of the
seed by soaking it in water will sometimes dlow
germination.

The seed pre-treatment is species dependent,
but observing the “lifeé’ of the seed and the plant
may lend clues. Seeds with a hard coat or species
that grow on dunes, such as beach pea (Lathryus
littoralis), are likely to require scarification.
Smoke tree (Psorothamnus spinosa), ironwood
(Olneya tesota) and palo verde (Cercidum
aculeatum), which are dl redtricted to desert
washes, get scarified during flooding after a
heavy rain, when they are washed downstream
together with sand and gravel, thus bresking
physica seed dormancy at a time when abundant
water is available (Went 1953). Many desert
annuds have to receive a certain amount of rain
prior to germination; therefore, many of these
species can be assumed to have some type of
chemica dormancy requiring leaching.

In addition to experience and observation,
another source of information is commercid plant
growers, they may share their methods on break-
ing dormancy in particular species.

5.3.2 VEGETATIVE REPRODUCTION

Some species of plants do not produce ad-
equate amounts of viable seed and need to be
propagated vegetatively. Other species resprout so
reedily from cuttings or underground roots (rhi-
zomes) that it is often easier to propagate these
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vegdatively. A little experimentation can determine
which species can be or are best propagated
vegetatively; usudly they will be those that propegate
vegdativdy reedily inthewild.

The best candidates for vegetative propagation
are plants that produce underground stems (rhi-
zomes), such as bulrushes (Scirpus spp.); plants that
produce above ground, horizontal stems (stolons)
from which new plants arise, such as wild strawber-
ries (Fragaria spp.), sedges (Carex spp.) and
rushes (Juncus spp.); or plants that can be grown
from bits of sem, such aswillows (Salix spp.),
alders (Alnus spp.), cottonwoods (Populus spp.),
jointed cacti (Opuntia spp.), and blackberries
(Rubus spp.). Many grass species can be grown
from plugs, which is a sem with asmdl piece of
rhizome or root attached. Grass species which are
grown commonly from plugs include many
needlegrasses (Nassella spp.), dunegrass (Leymus
mollis), saltgrass (Distichlis spicata), wild ryes
(Leymus triticoides and Leymus condensatus),
and some bluegrasses (Poa spp.).

5.3.3 CONTAINERIZED PLANTS

Containerized plants (commonly called “contain-
ers’) are those plants grown in pots, supercdls, and
various sizes and shapes of containers (Figure
5.3.3a). Plants are grown in containers for a number
of different reasons.

* to use species that do not produce adequate
seed and do not grow readily from cuttings,

* t0 overcome the germination phase on a
difficult or toxic gte, or

* to indal large Szed specimens to decrease
the amount of time needed to atain a
required vegetative structure.

It isalso much easier to achieve adesired
species mixture, planting dendty, or planting
configuration using containerized plants.

The size and shape of the container chosen
should be matched to the plant’ s rooting Sirategy.
Deep rooted plants should be grown in tall, linear
pots, shalow, fibrous- rooted plants may need to be
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A SPECIFICATION FOR SEEDS

Seeds shall be properly labeled as to genus,
species, subspecies, variety, and source.
Seeds shall be approved by the CDFG
Representative prior to installation. Seeds
shall be handled and packed in the approved
manner for that species or variety, and all
necessary precautions shall be taken to
ensure that the seeds will arrive at the site of
the work in proper condition for successful
growth. Commercially supplied legume seeds
shall be inoculated with a rhizobacterium
known to form nodules on that species.
Species of seed requiring pretreatment to
germinate must be pretreated prior to
application. The Contractor shall obtain
clearance from the County Agricultural
Commissioner, as required by law, before
planting plants delivered from outside the
County in which they are to be planted.
Evidence that such clearance has been
obtained shall be filed with the CDFG
Representative prior to the work.

BOOTIT #

Photo 5.3.3a: Various container types.
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grown in standard 1 gdlon pots. Plants grown in tdl
pots produce long roots in relationship to the small
above ground shoot, commonly referred to asa
favorable root to shoot ratio, and usudly survive
better on droughty Stes An extreme example of atall
pot are those used by Joshua Nationd Park for the
outplanting of native desert species (Photo 5.3.3b).

5.4 Planting Methods

After project managers determine what species
and which propagule type to use, they must decide
how much to plant and how to get the plant materi-
adsonthedte.

5.4.1 DETERMINATION OF SEEDING RATES

To accuratedly determine the amount of seed of
each species required per acre the following infor-
mation is needed:

1) number of seeds/pound,

2) percent purity of seeds,

3) percent germination of seeds,

4) expected surviva of germinated seeds,
5) proportion of species desired on Ste, and

6) typica planting dengty of species

ltems 1, 2, and 3 are easy to calculate with the
ad of an accurate balance and a petri dish; standard
data can aso be obtained from aseed lab. Item 4
should be based on field trid's (see Section 6.7) and
can be used to calculate the desired number of
seeds per square foot, which can then be converted
to poundsacre. Item 5 should be based on the
target vegetation surveys, and item 6 is based upon
one' s expertise,

Seeding rates are often given in pounds of pure
live seed (PLS) per acre, which is based on percent
purity and germination rates (percent viability).
Percent pure live seed can be calculated from
commercia or custom collected seed by the follow-
ing formula

PLS=PPSx PG
100
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For example, if one pound of purelive seed is
desired for a species and two sources for that
gpecies are available with the following specifica
tions

Source A
Purity - 40%
Germination - 50%

Then Source A will have 20% PLS and Source B
will have 30% PLS. Therefore, 5 pounds of bulk
seed will be required from Source A toyield 1
pound of PLS, while 3.33 pounds of bulk seed will
be required from Source B to yield the 1 pound of
PLS. In other words, the seed gpplication rate can
be adjusted based on the preceding formulato
compensate for germination or purity above or
below that which isoptima.

In order to calculate bulk seeding rates for a
seed mix based on PLS, the PLS needed for a

Source B
Purity - 50%
Germination - 60%

Photo 5.3.3b: Example of tall pots. Tall pots used
at Joshua Tree National Park for desert restoration.
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monoculture gpplication is adjusted based on the
percent of the species desired in the mix, expected
aurviva rate, and the method of seeding. This
monoculture gpplication rate is the number thet is
readily adjusted by experience with the species
involved. The proportion of each species within a
seed mix is determined by the target vegetation
surveys and the resulting species selections. For
example, atarget vegetation survey of an established
dune community resulted in alig of the following
gpecies which would grow readily from seed: yelow
sand verbena, beach bur, beach sagewort, beach
morning glory, beach evening primrose, seeside
daisy, seaside buckwhest, beach pea, owl’s clover,
coastal knotweed, goldenrod, and dune tansy. The
steps for ca culating the pounds of bulk seed needed
for each speciesin the desired seed mix are outlined
below in Table 5.4.1.

5.4.2 METHODS OF SEEDING

The goa of seeding isto place the seed in good
contact with the soil and to cover the seed with
about 1/4 inch (6 mm) of soil to protect it from
desiccation and predation. The size of aproject and
condraints of the Ste usudly determine the method
of seeding. The least
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A rangdland drill places the seed at a specified
depth in smd| furrows in the soil, resulting in the
plants being lined up in rows—a very unnatura
looking arrangement. Rangdland drills are not
common in Cdifornia, but are very common in the
midwest (Photo 5.4.2b). Drills cannot be used on
dope segper than 3:1 (H:V) and require good access,
with adequate room for maneuvering.

Hydroseeding is a common sight dong
Cdifornia s roadsides (Photo 4.2.1b). Hydro-
seeding is a process by which seed, fertilizer, and a
amal amount of mulch, a arate of approximately
500 pounds/acre (with or without a tackifying
agent), are sprayed onto the soil surface.
Hydroseeding can either occur alone or in conjunc-
tion with some type of mulching, such as
hydromulching or straw mulching. Hydromulching is
smilar to hydroseeding, but lacks the seed and
usually includes about 1500 to 2000 pounds/acre of
wood fiber mulch and atackifier. If hydroseeding or
hydromulching is specified for aproject, it is best
specified as atwo-step process: first hydroseed,
then hydromulch. If instead the seed and mulch are
al applied in one step, the seed may ether be left

technica method of
seeding is broadcast
seeding by hand or
using abdly grinder.
Often following
broadcast seeding, a
chainisdragged
acrossthe ste or the
steisraked to bury
the seed (Photo
5.4.23). Broadcast
seeding can adso be
done by airplane or
helicopter, asis often
the case following a
fire, but the seeds may
drift off the ste under
windy conditions or on
steep slopes.

Photo 5.4.2a: Broadcast seeding. An example of broadcast seeding followed by
chain dragging.
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ers. The only additiond informa:
tion necessary, besides how many
of which species are needed in
which aress, is the expected
mortdity of the cuttings or con-
tainerized plants. Mortdity is
generdly estimated to be 20
percent; however, very favorable
gteswill have less mortdity and
difficult Stes (dry, toxic, steep)
will have more mortdlity. It is best
to determine the expected mortd-
ity of the particular Ste during field
trids prior to full-scde planting.
The desired planting density
should be increased by the
expected mortdity of each
species. In addition, the spacing

Photo 5.4.2b: Rangeland drill. The Truax rangeland drill is a common tool. Of the plants should be specified

Photo courtesy of Truax Inc.

exposed to the air or in contract with the mulch
rather than with the soil.

Hydroseeding and hydromulching require the
use of alarge tank truck, mounted with hydraulic
nozzles that spray the durries onto the ste.
Hoses can be attached to the nozzle to achieve a
maximum reach in the neighborhood of 300 feet.
This method of seeding is commonly used by the
Cdifornia Department of Transportation (Caltrans)
and should only be used in areas with an adequate
amount of moisture to promote germination (i.e., a
least 12 inches (30 cm) / year). The ground surface
should be moist prior to hydroseeding to ensure that
the seeds will tick to the soil, and should remain
moist until establishment. Hydroseeding works well
on steep and inaccessible dopes, aslong asthe
equipment necessary for the gpplication can get
access above or below the treatment area.

5.4.3 DETERMINATION OF PLANTING
SCHEMATIC FOR CUTTINGS AND
CONTAINERS

Determining the number of plants and the
mixture of plant speciesto be placed on asteis
much more sraightforward for cuttings and contain-

with aminimum number of shrubs or trees per acre
(Table 5.4.3). While regular spacing of plants makes
it eeser to caculate dengties, implement, and
monitor, regular gpacing (Figure 5.4.33) isnot often as
desrable asamore random arrangement.

In awetland or riparian system, close attention
needs to be paid to the hydrologic needs of each
species. Many riparian and wetland species are tied
to anarrow moisture band (moisture regime) aong
the river or marsh. Observations of intact habitat can
help to determine where species occur dong the
hydrologic gradient of agte. In the design of the
plan, a schemdtic cross section isinvauable to
depict the planting zones adjacent to rivers and
wetlands (Figure 5.4.3b).

5.4.4 METHODS OF PLANT INSTALLATION

The method chosen for ingdling the plants on

the ste will vary with the propagule type and Site
goals.

5.4.4.1 Container Stock

Manting of container stock is sraightforward for
anyone who has ever gardened. Regardless of the
type and shape of the container, the main require-
ment is to minimize disturbance of the root system
while extracting the plant from the container and
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A SPECIFICATION FOR MULTI-STEP
COMPOST HYDRAULICALLY APPLIED
AMENDMENT, John Haynes (pers comm)

All compost materials shall meet EPA 40 CFR
Part 503 B regulations for pathogen and pest
reduction and shall be screened to 10 mm (3/
8 inch) for hydraulic application. The
compost, seed, fiber, straw, and tackifier shall
be applied in three separate steps. The first
application shall provide 1500 kg/ha screened
compost plus 400 kg/ha fiber (for other
applications rates of compost, the fiber
should be a minimum of 20% of the mass of
compost). Seed as specified for the site shall
be included in the first step. The second step
involves dry application of 4500 kg/ha weed
free wheat or barley straw (3500 kg/ha rice
straw). The third step shall provide 2500 kg/
ha compost plus 600 kg/ha fiber plus 300 kg/
ha stabilizing emulsion. Any slow release
chemical fertilizer required shall be included
in the third step. Application of screened
compost requires about one quarter of the
amount of water required to apply fiber
products.
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placing it in the planting hole without air pockets.
The first step is to overexcavate a hole to about
twice the size of the plant’sroot ball. To providea
loose bed for the plant, dirt and any loose potting
s0il isthen mixed in the bottom of the hole until the
correct depth is attained. Slow release fertilizers,
inoculum, or a scoop of native soil, can be added at
this point, if desired. Then the plant should be
carefully extracted from its container by gently
ueezing on the Sdes of the container until it comes
free. Theroot bal is cradled in the pam and care-
fully placed into the hole. Any remaining loose dirt
should be firmly packed, but not compacted, around
the plant to diminate any large air holes that would
cause theroots to desiccate. If the planting holeis
very deep (augured), asfor deep pots for oaks, be
aure to firm up the soil in the lower portion of the
hole so that the seedling doesn't subside into the
hole as the soil settles. To provide greater moisture
retention, the hole for the plant can be dug in the
center of abasin of dirt and surrounded with asmall
berm. On dopes, the height of the berm can be
mede dightly lower than the crown of the plant, so
that they don’t drown during winter rains. The plant
should be watered thoroughly after ingtalation. In
desart planting, the hole should be filled with water
prior to planting, the water alowed to absorb into
the soil, and the plant watered again after ingtalation.

Rectangular

f -

' g
E ___________ e 5
Triangular

Figure 5.4.3a: Regular planting arrangements.
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5.4.4.2 Transplantation

Trangplantation is used when species can survive
such disturbance and when larger or older stock is
desired. Commonly trangplanted species include
willows, cactus, and various shrubs. During trans-
planting the key isto disturb the rooting system as
little as possible; therefore, the soil surrounding the
root sysem is usudly moved with the plant. This
combination of root and soil is referred to asthe
root ball. The most extreme example of thistech-
nique is the use of atree spade to move large
specimens (Photo 5.4.4.2). The best success with
trangplantation is attained if the plant is

1) moved while dormant;

2) pruned prior to moving to minimize
damage to the plant, to better balance the
plant, and to remove excess branches,

3) taken with alargeroot bdl intact;

4) kept moig while moving;

5) immediady (or within one week) placed
into its new location;
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6) thoroughly watered-in at its new location;

7) if necessary, tethered to keep tree from
toppling or leaning; and

8) protected from predation.

SPACING # TREES OR
IN FEET FORMULA SHRUBS/ACRE
2 43,560 /22 (0.866) = triangular 12,575
43,560/22 = rectangular 10,890
3 43,560/ 32 (0.866) = triangular 5,589
43,560/ 32 = rectangular 5,040
4 43,560/ 42 (0.866) = triangular 3,134
43,560/ 42 = rectangular 2,722
6 43,560/ 62 (0.866) = triangular 1,396
43,560/ 62 = rectangular 1,210
8 43,560/ 82 (0.866) = triangular 786
43,560/ 82 = rectangular 681
10 43,560/ 102 (0.866) = triangular 503
43,560/ 102 = rectangular 436
12 43,560/ 122 (0.866) = triangular 349
43,560/ 122 = rectangular 302
15 43,560/ 152 (0.866) = triangular 225
43,560/ 152 = rectangular 194
20 43,560/ 202 (0.866) = triangular 126
43,560/ 202 = rectangular 109

Table 5.4.3: Examples of some common plant
spacings and densities.

A SPECIFICATION FOR 2-STEP
HYDROSEEDING/HYDROMULCHING

If it is not possible to use a straw mulch due
to steep or inaccessible slopes, the area will
then receive the following treatment. Seed at
the rate of 20 pounds/acre will be applied
hydraulically with 500 pounds/acre (560 kg/
ha) wood fiber mulch. Seeds shall not be
allowed to stand in the tank (mixed with
water) for more than one hour before
application to the substrate. Following
hydroseeding, the mulch will be applied
hydraulically in one application of 1500
pounds per acre (1680 kg/ha). The slurry will
be applied evenly over the site. Special care
will be taken to prevent the slurry from being
sprayed onto rocks and concrete structures.

A SPECIFICATION FOR SEEDING IN
CONJUNCTION WITH A STRAW MULCH

All seeds to be used on the site shall be of
the species specified; no additions or
substitutions will be allowed. Seeds shall be
thoroughly mixed and spread uniformly, either
dry or hydraulically, onto the areas to be
seeded at the rates specified. If seeds are
hydraulically sprayed onto the site, seeds
shall not be allowed to stand in the tank
(mixed with water) for more than one hour
before application to the substrate. If seed is
spread hydraulically, it should be applied to
the slopes with 500 pounds/acre of wood
fiber mulch. Seeding will take place following
the first application of the straw mulch and
preceding the second applica-tion. The seed
mix shall be applied at 21 pounds/acre. Straw
mulch shall be applied as detailed in the
Erosion Control Section. (This straw-
intensive specification was written for a very
sandy substrate.)
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Figure 5.4.3b: Schematic cross section across a grassed waterway.
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5.4.4.3 Cuttings, Sprigs, Rhizomes, and Plugs

Many different types of plant partsfal under the
heading of cuttings. Cuttings can include pieces of
leaf, stem, or root, and they can be rooted or
unrooted. A rooted cutting has been placed in water
or avery moist medium to promote the formation of
roots. An unrooted cutting is teken directly from its
mother plant and does not require any further
treatment. Rooted cuttings are more difficult to work
with than unrooted cuttings, because the new roots
are eadly damaged during handling and ingtdlation.

Cuttings are best taken from those species that
reproduce reedily by vegetative (rather than sexua)
means. The most common typeisawillow cutting,
which is made from the sem of willow shrubs and
trees. Other common cuttings include blackberry,
cottonwood, ader, and grass “plugs’ taken from
bunchgrasses, sedges, or rushes. For the best
chances of success, the following guiddines should
be followed (as depicted in Figure 5.4.4.3):

1) Cuttings should be taken while the plant
is dormant and planted while till
dormant.

2) The cuttings must be correctly oriented
(up should stay up). On woody cuttings,
the base is often indicated by cutting it at
a45° angle, whilethetopiscut a a90°
agle.

3) Mog auxiliary branches and leaves should

Photo 5.4.4.2: Tree spade. Tree spades can be used
to remove large specimens, while keeping the root
ball intact.
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be removed before planting; for grasses
and grass-like species, the overdl length
should be trimmed to about 1/2 their
norma height.

4) Unlessthey are put in cold storage,
cuttings must be held no more than two
weeks and kept moist.

5) The cuttings should be watered when
planted to diminate any air pockets.

6) Cuttings must be protected from
predation both before and efter inddla:
tion.

Cuittings lend themselves to a specid type of use
cdled biotechnical engineering, which isthe use of
live plant materia to create erosion control struc-
tures. Examples were given in Section 4.2.6 and
include willow wattling, brush layering, brush mat-
ting, live crib wall, live sit fence, and root wad